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POWER SUPPLY ON THE RAND. 
By A. E. HADLEY, Member. 


(Paper received 8th Fanuary, 1913; read before THE INSTITUTION 13th March, 
before the MANCHESTER LOCAL SECTION 11th March, before the NEWCASTLE 
LocAL SECTION gil April, and before the SCOTTISH LOCAL SECTION 15th 
April, 1913.) 


INTRODUCTION. 


Formation of Company.—The Victoria Falls & Transvaal Power Com- 
pany, Ltd., was formed at the end of 1906, with the object of supplying 
power in South Africa and Rhodesia and of acquiring the concessional 
rights to develop the Victoria Falls. 

Under the original proposal a supply to the Rand was to be 
given partly by transmitting power from the Victoria Falls 700 miles 
distant, and partly by steam-generating stations located on the reef. 
The author became associated with the Company shortly after its 
formation and after its original proposal had been modified through 
giving up the plan to supply part of the requirements of the Rand with 
power from the Falls. The increase in the coal supplies in the Trans- 
vaal bringing about a reduction in the price of local fuel, the necessity 
for starting operations without any delay, and the objections raised by 
various vested interests to the importation of power from outside the 
Colony, were among the principal reasons for delaying the develop- 
ment of the Falls until the population of Rhodesia increases or until the 
demand in South Africa for manufacturing sites with cheap electric 
power available justifies the expenditure. It was therefore decided to 
supply the Witwatersrand from steam plant using local fuel. 

The great demand for power on the Witwatersrand has arisen 
through the extraordinarily successful development of the gold mines 
on the reef, which, although only discovered in 1886, now produce 
33 per cent of the world’s output of gold. Further, it is estimated by 
the leaders of the gold-mining industry that the wogk of raising gold 
will still be in progress on the Rand one hundred yedrs hence. 

Electric Power on the Rand.—Turning for a moment to the history of 
electric power on the Rand, a few details will be of interest. Siemens 
and Halske were the first to obtain a concession in 1894, and formed 
the Rand Central Electric Works, Ltd., in 1895, which had a plant 
aggregating 3,200 kw. capacity in 1906. Another concession was 
obtained by the Simmer & Jack mine in 1897, from which the General 
Electric Power Company was established in 1906 with plant having a 
capacity of 2,500 kw. In 1905 Messrs. Lewis & Marks, having in view 
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the possibility of supplying the Rand from their coalfields at Veree- 
niging, 35 miles south, commenced obtaining wayleaves for a pole line, 
while certain European manufacturing companies sent out represen- 
tatives to report on the prospects. 

The Victoria Falls Company ultimately took over the two existing 
supply companies in 1907, and purchased the Vereeniging wayleaves 
from Messrs. Lewis & Marks, at the same time entering into an agree- 
ment with them for the right to establish a power station at Vereenig- 
ing. In 1907, pending the installation of modern plant, a supply 
totalling 4,000 kw. was given from the existing steam stations which had 
been purchased. | 

As soon as it was appreciated that a cheap power supply was 
available, the mining groups entered into contracts with the Company, 
and the demands for power have since increased so quickly that it has 
throughout been the greatest difficulty for the Company to raise 
capital and install plant rapidly enough to satisfy the demand. 

In 1908 the largest group of mines, viz. that controlled by the Rand 
Mines, Ltd., and Messrs. Eckstein & Co., decided to change over their 
mines to electric driving. 

In addition to the supply of electricity to this group of mines, the 
conditions called for the supply of compressed air for working the rock 
drills. These mines agreed to purchase the whole of thc power 
they required and to shut down all their existing boiler plant, whereas 
the other groups are not bound in this way, but have contracted to take 
electricity from no other power company, and to continue to take any 
supply required by them exclusively from the power company. "There 
was a further stipulation in the case of the Rand Mines group that the 
supply should be given.by a company to be formed for the purpose 
and registered in the Transvaal. This led to the registration of the 
Rand Mines Power Supply Company, Ltd. ; the entire capital of which 
has been provided by the Victoria Falls Power Company. 

The two undertakings are working under separate licences granted 
by the Government in terms of a Power Act passed in 1910, but are 
operated by the same management and staff. The systems supplying 
the power, however, are kept as distinct as possible, but they may 
be treated here solely from an engineering point of view as one 
undertaking. 

The peak load of the combined undertaking has reached 88,000 kw., 
and the sales average 1,350,000 units per day. These figures include the 
sales of compressed air by the Rand Mines Power Supply Company to ten 
mines. The air units represent practically the same amount of energy 
as if these ten mines had converted their compressors to electric drive 
and purchased electricity. When the further demands for power which 
have already been notified are met by the plant now on order, the sales 
will reach 2,000,000 units daily. The monthly load factor, based on the 
hour of maximum output, varies from 7o to 74 per cent. 

Terms of Supply.—The chief mining groups, with the exception of 
two who had already established their own private stations, have con- 
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tracted with the Company for a power supply for periods of 20 and 
I2 years, 

The supply is furnished to all mining consumers at 2,100 volts and 
525 volts. The necessary step-down transformers and switchgear are 
provided by the power company, while the consumer supplies the sub- 
station building and pays the power company a sum equal to 2 per 
cent of the power bill to cover the losses in the step-down trans- 
formers. 

The standard price in mining contracts covering not less than 
I2 years is 0'525d. per unit, as long as the monthly load factor is above 
7o per cent, the load factor being based on the hour of maximum con- 
sumption. This price is subject to periodical revision depending upon 
the cost of production, and further, a participation with the consumers 
in the profits of the business after a due return has been paid on capital 
is also provided for. In the case of a failure of the supply the con- 
sumers are entitled to a payment from the power company of seven 
shillings per hour for each тоо kw. put out of commission. 

The introduction of these prices on the Rand has reduced the cost 
of power to the mines by 40 per cent, and has reduced the cost of 
production of gold by an amount varying from sixpence to a shilling 
per ton of ore milled. It has further resulted in considerable saving of 
capital expenditure on plant, which in the case of a new mine may 
amount to £100,000. 

Area of Supply.—The gold is contained in a conglomerate rock which 
dips to the south and is generally supposed to be the northern shore of 
an ancient lake. The outcrop mines were the finest opened ; but with 
the improvements in mining machinery deep-level mines have been 
started to strike the reef lower down, and the farthest of these from 
the outcrop is about two miles. The area over which a power supply 
had to be given lies therefore within a strip about two miles broad and 
stretching 5o miles from east to west. The total power used by the 
mines at the present time is estimated at about 400,000 h.p. The town 
of Johannesburg, which has its own electric plant, is situated about the 
middle of this strip, while the township of Germiston, about nine miles 
to the east, is supplied by the Company. 


POWER STATIONS. 


The initial power stations were laid out in order to allow of con- 
siderable extension, as the immediate future demand could not be 
accurately estimated. The local water supply conditions restricted the 
choice of the station sites to certain artificial lakes situated along the 
reef and to the Vaal River, which runs parallel to the reef and is 35 
miles south. 

Power plants aggregating nearly 180,000 kw. have been installed 
in, or are under construction for, the stations enumerated in the 
following table. They are set out in the order in which they were 
built :— 
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Total Capacity of Steam-driven Air 


Extensions in | 
| 
| 


| Nameotstation e Ganea é | бшшш" | progress 
Brakpan ... ..| Two 3,000-kw. — — 
sets 
Simmer Pan ... | Six 3,000-kw. — = 
sets 
Rosherville ... | Five 10,000-kw. | Six 3,500-kw. | Three 7,000-kw. 
sets machines steam-driven 
air compres- 
sors | 
Vereeniging ... | Four 10,000-kw. — — | 
sets | 
Extensions in 1913 — — Two 10,000-kw. 
sets 
Кезен ри на шашык Кайыын аа ы шыны ———— — [у 
| I14,000-kw. 21,000 kw. 41,000 kw. 


| : NP 


Total capacity of plant installed | 
and in progress ... iss .. 176,000 kw. 


At Robinson Central air station there are also six electrically-driven 
air compressors each of 3,500 kw. capacity. 

At all stations steam turbo-electric generating sets are employed and 
produce three-phase energy at со cycles. Step-up transformers raise 
the generator pressure to 40,000, 20,000, or 10,000 volts, and their 
interposition gives additional security to the machines. against pressure 
rises. This method, in which there is a choice of generator voltage, 
gives the further advantage of allowing the stators to be constructed 
with bar winding having one bar per slot. 

There is a general resemblance in the lay-out of all these power 
stations, modifications being introduced to suit varying local conditions. 
А description of the largest plant, that at the Rosherville Dam, is given 
later, as being representative of the general design. 


ELECTRICAL TRANSMISSION SYSTEM. 


The main system of transmission (shown in Fig. 1) is effected by 
means of 40,000-volt overhead lines stretching practically the whole 
length of the reef. At the present time, however, the western extremity 
is working as a 20,000-volt distribution line. Where the load is most 
dense the transmission system consists of two rows of towers each 
arranged to carry two circuits. 

The 40,000-volt transmission system is fed at four points, namely at 
Brakpan, Simmer Pan, Rosherville, and at Robinson Central, where the 
supply from the Vereeniging station joins the reef. ln addition to 
these distribution stations the transmission lines pass through two 
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further distributing centres at Hercules to the east and Bantjes to the 
west. From these six points distribution networks, laid out as ring 
mains, supply the various sub-stations on the mines. The three eastern 
distribution stations supply the system through 10,000-volt overhead 
lines. The central portion of the area is served by an underground 
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Fic. 2.—Anchor Mast. 


20,000-volt cable system, and the western distribution network as 
previously mentioned is working at 20,000 volts by overhead lines. 

The Vereeniging station is connected to the Rand by an 80,000-volt 
line approximately 35 miles long, terminating at the Robinson Centra] 
distribution station, where the pressure is transformed to either 40,000 
or 20,000 volts, these pressures being also coupled together through 
transformers aggregating 16,000 k.v.a. 
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. 8o,000-rolt Pole Line.— This line consists of two rows of lattice steel 
masts equipped with four circuits of stranded copper, each conductor 
having a section of 60 sq. mm. and carrying three earthed guard wires 
above the conductors. Every fourth mast (commonly called an “ anchor 
mast," Fig. 2) is of sufficient strength to take the full strain of the 
conductors in a lateral direction ; and the three intermediate masts 
(Fig. 3) are designed to take the strain due to wind pressure in a 
direction transverse to the line. Extra anchor masts are also used 


Guard Wires 


(22 A I 


B08 


18800 


Z1 


О, 


М 


Хх 


> 


FiG. 3.—Intermediate Mast. 


whenever the line changes its direction, and at railway crossings. A 


special end tower (Fig. 4) is used at the ends of the line. 

The masts are normally spaced soo ft. apart. The anchor masts 
have an overall height of 71 ft. 6 in, the lowest cross-arm being 
34 ft. 6 in. from the ground. On these masts the conductors are placed 
vertically above each other, and are separated by a distance of 9 ft, 
Each mast was required to dellect 4 in. at the top when subjected to 


a horizontal pull of 44 tons applied 44 ft. from the ground at an angle 
of 30 degrees to the direction of the line. | | 
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The intermediate masts when carrying the weight of the insulators 
conductors, and guard wires, were required to give a temporary deflec- 
tion at the top of 44 in. when subject to a horizontal pull of 35 cwt., 
applied 35 ft. from the ground and at right angles to the line direction. 
The conductors on these masts are arranged three on each side, in the 
shape of an equilateral triangle having sides 8 ft. long. The lowest 
support for the conductors is 34 ft. 6 in. from the ground, and a 
10-ft. sag is allowed, so that the lowest part of any conductor is never 
less than 24 ft. 6 in. from the ground. All masts are provided with a 
safety screen to prevent any possibility of men working on one circuit 
coming into contact with the circuit on the opposite side of the pole. 
This screen consists of a rectangular steel framework interlaced with 
galvanized steel wire-netting. 

The 80,000-volt insulators used are of the disc type, то in. in 
diameter, and connected 6 in series at each suspension and straining 
point Before erection each insulator is subjected to a mechanical 


Ес. 5.—20,000-volt Cable Section. 


stress of 14 tons, and while in this condition is tested to 60,000 volts 
for 5 minutes. 

The latest type of 40,020-volt transmission line is of a similar design, 
but pin insulators are employed on the intermediate lattice masts, and 
4 discs are used in each string of insulators on the main towers which 
take the lateral strain. 

All the 20,000-volt cables have circular conductors of 100 sq. mm. 
section, and are paper-insulated, lead-covered, and armoured (Fig. 5). 
Each cable is capable of transmitting about 7,000 k.v.a. The cable was 
specified to stand a test pressure at the factory of 50,000 volts, and a 
test pressure of 40,000 volts for 10 minutes after laying. 

The system has been laid out so as to be operated during the 
development of the undertaking as a single system, but arranged that 
when the growth of the load made it desirable (both from the point of 
view of economy and also of safety of supply) it could be sectionalized 
without the necessity of running additional machinery. 
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Protective Arrangements.—All transmission and distribution circuits, 
with the exception of the long-distance 80,000-volt lines, are equipped 
with the Merz-Price balanced relay system for automatic switch 
control, without which a reliable supply on the ring main system could 
not have been given, and the more expensive radial type of network 
would have been necessitated. This balanced relay system is also 
employed for the protection of all transformers and for the large 
generators. The pilot wires for operating this system on the 40,000- 
volt transmission lines are combined with telephone circuits in a lead- 
covered cable suspended overhead, while on all distribution networks 
(both overhead and underground) combined pilot and telephone cables 
are laid underground. ` 

Normal Control of Operation.—A complete telephone system has 
been installed connecting up all points on the transmission and distri- 
bution system and the residences of the staff. A special feature of the 
lay-out of the telephone system is the arrangement whereby the control 
of all switching and the control and regulation of load, voltage, power 
factor, and other operating conditions, are in the hands of the control 
department. Great importance is attached to the organization whereby 
the control of the whole system when in operation is in the hands of 
this department, thereby greatly increasing the safety both of the engi- 
neering staff and of the supply. By means of the arrangement of 
the telephone system mentioned above, one control engineer or load 
dispatcher is responsible for all routine switching and linking carried 
out at any point on the electrical system during his shift, and under 
the regulations no switching can be carried out without his consent. 

The load dispatcher, as soon as any switching has been carried out, 
adjusts a large diagram in the control room so that it shows every con- 
nection on the system. 


LIGHTNING AND ATMOSPHERIC CONDITIONS, 


The atmospheric conditions on the Rand are in many ways 
abnormal, both in summer and winter. During the winter violent 
wind and dust storms are encountered, while for six months during the 
summer (from September to April) the reef is the centre of frequent 
and violent lightning storms accompanied by heavy rain and sometimes 
phenomenal hail. Fortunately there is no trouble from ice, and snow- 
storms are almost unknown. The Rand, which is the watershed of 
that part of South Africa, is probably about the worst district in the 
world for lightning, the altitude of Johannesburg being 5,760 ft. 

At this altitude the range of temperature is very large, and rapid 
changes in temperature occur, disturbing the atmospberic conditions. 

The total number of lightning storms passing over different sections 
of the system during the last season (which lasted for 182 days) 
amounted to 199. Most careful daily records and observations are 
taken of all atmospheric disturbances, and these records show that 
lightning is encountered on an average on one out of every three days, 
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The storms of varying severity passing over the different sections of 
the system are about equal in number, but the number of severe storms 
at the far west and the far east is considerably greater than the number 
experienced in the central area of the reef, being about 25 per cent 
of the total in the former case, while in the central area it is only 
I4 per cent. 

Every storm exerts some influence of greater or lesser severity upon 
the overhead system, but year by year the number of troubles caused 
has been largely reduced, so that interruptions to the supply are now 
infrequent, and the loss of apparatus seldom takes place. 

Аз а general rule the effect of lightning is brought about through an 
induced effect on the overhead lines setting up a high-frequency surge. 
Experience goes to prove that the intensity of the induced effect is in 
the majority of cases localized to some part of the transmission line, 
and only in the minority of cases does it reach the end of the line with 
its full severity. Further, it is quite a rare though not unknown occur- 
rence for the line to be actually struck by lightning ; and it is possible, 
though not determined, that this may be the result of the earthed guard 
wires. 


PROTECTION FROM ATMOSPHERIC DISTURBANCES. 


The means whereby the effects of lightning have been prevented in 
the great majority of cases from disturbing the system are mainly: 
(а) the employment of earthed overhead guard wires ; (b) earthing the 
neutral of each separate section of the system ; and (c) by careful 
selection and adjustment of lightning arresters to deal with the different 
conditions arising. 

When the supply was first started four years ago a considerable 
amount of overhead transmission line which was not provided with 
guard wires was taken over from the old company, and the neutral of 
the system was also not earthed. Little accurate information then 
existed regarding lightning arresters, consequently many interruptions 
of the service occurred and apparatus was frequently damaged. 

In analysing the effects of any lightning disturbance, it has proved 
dificult to trace definitely the effect of any individual protective 
apparatus. Experience has shown, however, that the guard wire 
constitutes one of the most efficient systems of line protection, and 
contributes largely to successful operation during storms. 

During the earlier lightning seasons the neutral of the system was 
not earthed, and unquestionably many interruptions and much loss of 
apparatus resulted from not employing this system. One of the 
troubles caused by lightning is occasioned by the arcing-over of 
insulators, which with an insulated system having considerable capacity 
to earth generally results in an intermittent arc to earth, thereby setting 
up dangerous surges in the system. These surges lead to cumulative 
trouble and cause discharges on the arresters of the other two phases, 
increasing in severity until finally a second flash-over takes place 
(generally at the arrester gear itself) and short-circuits the phases. Ву 
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earthing the neutral through a resistance, any arc to earth is immediately 
isolated by the operation of the Merz-Price balanced relay system, and 
the arresters are not called upon to continue operating. А star-delta 
transformer is einployed for earthing to avoid disturbance to telephones. 
Since the neutral of the system was earthed it has been found that in 
the majority of cases where an arc has occurred over a line insulator 
the fault has been isolated so rapidly as to prevent damage to the 
insulator, and the line has been immediately put back into service by 
closing the switches. 
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Fic. 6.—Lightning Horn Arresters. 


At the time of the initial installation the aluminium arrester was 
not on the market, and in consequence a complete system of horn 
arresters was connected up. The most careful records have since been 
kept of the operation and discharges occurring on these arresters, and 
these records have been productive of much instructive data. The 
number of pressure-rises on each of the phases with an earthed neutral 
has been found to be equal, and of 2,100 discharges recorded between 
October, 1910, and April, 1912, 33 per cent occurred on each phase. 

The best combination of the number of horns, the spacing of arc 
gaps, and the amount of resistance to earth, had to be determined by 
experience and experiment. Fig. 6 shows some of the combinations 
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which, without claiming that they are the best possible, have proved 
satisfactory. 

During last season some aluminium arresters were installed, but no 
conclusive observation of their operations were obtained. This system, 
however, has been adopted for the protection of the 80,000-volt lines, 
as the experience on many systems in America has been largely in 
favour of this form of protection. | 

The danger of mechanical damage arising from violent wind 
storms has been provided against in the design of the supporting 
towers, and few troubles have occurred from this cause. Formerly, 
with an insulated neutral the passage of the wind over the wires 
produced marked static potentials relative to earth on the transmission 
lines, but the earthing of the neutral is an effectual safeguard against 
this. 


ROSHERVILLE POWER STATION. 


When the contract with the Rand Mines, Ltd., was concluded, 
the site for the station was selected at the Rosherville Dam, which is 
the largest lake on the Rand, being enclosed on the southern side by 
adam. It will be seen from the table given on page 5 that this station 
will shortly have a capacity of nearly 100,000 kw. of plant installed. 

Buildings.—After the new extensions are completed the turbine 
room will be 450 ft. long and 75 ft. wide, and there will be five right- 
angle boiler bays each containing eight boilers. The general lay-out is 
shown in Fig. 7. 

The station buildings are of steel construction, in which the size 
and weight of each member has been kept small in order to reduce the 
cost of transport. 

Coal-storage Plant.—The coal-storage arrangements are very com. 
plete, the coal being discharged from a height of 14 ft. through the 
floors of 40-ton railway trucks into outside storage bunkers, under 
which coal conveyers are arranged. The whole structure is open, as 
roofing is unnecessary owing to the favourable climatic conditions. 

The conveyers, each capable of dealing with 40 tons of coal per 
hour, run in tunnels under the external coal store, and are fed with 
coal by gravity through shoots from the coal pile above. These 
conveyers are kept running practically continuously, allowing the 
internal coal bunkers in the boiler house to be of small capacity. An 
automatic tip is fitted over the bunkers, which tips the conveyer 
buckets when the coal in any particular bunker has fallen below. a 
certain level. Weighing machines are installed in the conveyer 
tunnels, and the coal is weighed as it passes in the conveyer buckets. 

The ashes are discharged from the rear of the stokers into hand 
trucks in the basement, where natives push the loaded trucks out and 
attach them to a motor-operated rope haulage leading to the ash dump. 
The question of removing these ashes by suction is at present under 
consideration. 

The class of coal burnt at this and other Rand stations is mostly the 
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small coal from the collieries in the Middelburg district 60 miles 
distant, mixed with a proportion of the duff produced by the coal- 
cutters. The coal has an average calorific value of about 11,000 
B.Th.U.'s per Ib. | 

Boiler House.—The large percentage of ash, viz. 18 to 25 per cent 
of the coal, and the high load factor at which the plant is operated, 
necessitated a combination of boiler, superheater, and economizer, that 
would give the highest possible efficiency ; and the high cost of white 
labour, and the inefficiency of that of the native, also required that the 
plant should be mechanically operated. 

In view of these considerations and the great cost of constructional 
work in South Africa, the ejector system of induced draught (Fig. 8) 


Fic. 8.—Arrangement of Prat's Ejector Draught. 


originally devised by Mr. Prat has been adopted in all the power 
stations. Previous to the installations at Brakpan and Simmer Pan, 
very little attention had been given to this method of boiler-house 
operation, and its adoption was in the nature of pioneer work. The 
system has been found to give the utmost satisfaction. 

In the lay-out employed, adjacent boiler units are connected to 
a common ejector chimney, the top of which is 9o ft. above the boiler- 
house floor. An electrically-driven rotary fan capable of developing 
75 h.p. blows cold air through the ejector situated in the chimney, 
thereby producing the necessary suction in the flues, and a draught of 
about 1 in. is usually employed. 
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With this arrangement great flexibility in the boiler house is 
obtained, and by the use of a torpedo-shaped damper in the air pipe 
regulating the pressure of the air jet, the duty of the boiler unit can be 
easily regulated to suit fluctuations in the load. 

The plant is absolutely smokeless, and it is difficult by looking at 
the ejector chimneys from outside the station to tell which boilers are 
at work. 

The boiler unit selected is the Babcock and Wilcox marine type, 
fitted with chain-grate stokers, each having an integral superheater and 
economizer. The boilers are arranged in two rows in each boiler 
house, with a central and common firing floor. Each boiler has a rated 
capacity of 32,000 ib. of steam per hour at a pressure of 220 lb. with a 
temperature of feed water of тоо°Е., and is capable of producing 
38,000 Ib. of steam without undue forcing. The heating surface of the 
boiler is 5,520 sq. ft., of the superheater 1,720 sq. ft., and of the 
economizer 2,200 sq. ft. 

A six-hour test on one of the boiler units gave a combined efficiency 
of boiler, superheater, and economizer, of 80 per cent. 

Turbine Room.—The turbine room at present contains five turbo- 
generators each of 12,000 k.v.a., and six steam compressors each having 
an input of 3,500 kw. ; three more steam compressors each taking 
7,030 kw: are also being installed. The turbines are of the A.E.G. 
Curtis horizontal type, having one high-pressure wheel with three rims 
of blades. The admission pressure at the intake nozzles is brought 
down from 220 lb. at a temperature of 300°—350° C. to about 20 Ib. 
with a superheat of about 20°C. In the low-pressure portion of the 
turbine the steam is expanded through 12 stages. Both hand and 
motor regulation of the speed are arranged for. 

The total weight of a 12,000-k.v.a. turbine set, including condenser 
and pumps, is 370 tons. 

Generalors.—The stators of each of the 6-pole generators are bar 
wound, having one bar per slot. The machines running at 1,000 revs. 
per minute produce 50-cycle three-phase energy at 5,000 volts, which 
is ped up to either 10,000, 20,000, or 40,000 volts, by transformers 
dir&tly connected with the stator terminals. Substantial clamping is 
employed on the end windings of the stator so as to withstand short- 
circuits. 

The rotor coils are lined with metal casings before being attached 
to the rotor by dovetailed grooves and wedges. The rotor carries a 
ventilating fan at each end. The frequent dust storms in South Africa: 
charge the air with heavy particles which might prove dangerous in 
the ventilation of the machines, consequently each machine is provided. 
with an air filter. having an effective surface of fireproof cloth of 
8,000 sq. ft. Each turbine set is provided with a direct-driven exciter, 
while a standby supply is also available from a motor-generator and 
battery. | 

Condensing Plant.—The condensers have a cooling surface of 
17,750 sq. ft. ; each set has a centrifugal circulating pump of about 
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663,000 gallons per hour capacity, and a centrifugal air pump, both 
connected on one shaft and driven direct by a steam turbine. The 
exhaust from the auxiliary turbine is taken to the middle stage of 
the main turbine, where the remaining energy in the steam is utilized 
down to the vacuum of the condenser. 

Circulating Water Feed Pumps.—The water for the condensers and 
compressor jackets is taken from the lake through a channel excavated 
along the front of the station, and is discharged into a second canal 
placed alongside the intake; this canal re-delivers the warm water to 
the lake at a point as far from the intake as possible. Under normal 
conditions of water levels the intake water flows by gravity into the 
service canal, but in order to deal with periods when the water in 
the lake may be low, a pumping station has been erected half-way 
along the dam wall at the deepest part of the lake. This pumping 
station is fitted with vertical submerged motor-driven pumps, which 
take the water from the bottom of the lake and discharge it through 
pipes into the service canal. 

Feed Pumps.—The boiler feed pumps are of the turbine-driven 
centrifugal type, and are installed in the turbine room. With the 
exception of certain electrically-driven bearing-cooling pumps, all 
auxiliaries are turbine-driven. 

Generalor Transformers.—-These are connected by cables to their 
corresponding generators, and are each of 12,500-k.v.a. capacity. 
Where larger transformers have been required, as for the last two sets 
at Vereeniging, two transformers for each machine have been installed. 
The transformers at Rosherville are of the shell type and water-cooled, 
the windings nearest the terminals being specially insulated to with- 
stand between adjacent turns a pressure of 25,000 volts for 5 minutes. 
A test pressure of 160,000 volts was applied to the whole of the wind- 
ings. The weight of each transformer complete without oil is 50 tons ; 
the oil itself weighs 21 tons. 

Turbo-compressors.—The steam turbo-compressors at Rosherville are 
similar to the motor-driven compressors at Robinson Central, and are 
each designed to deal with 22,000 cub. ft. of free air per minute with 
an outlet pressure of 9 atmospheres (absolute). The power required on 
the shaft is roughly 3,500 kw. In the case of electrically-driven sets 
at Robinson Central each unit is divided into two halves on separate 
shafts, each motor having a capacity of about 2,000 k.v.a., and being 
designed to operate at full load at a leading power factor of 85 per 
cent. The sets run at 3,000 revs. per minute. The steam-driven 
compressors are arranged in two sections on the same shaft with an 
intercooler between them. The cooling water required for the jackets 
of the compressor and intercooler amounts to about 40,000 gallons per 
hour. The air leaves the compressor at a temperature of about 70? C. 

Between the compressor and the pipe line an automatic non-return 
valve is fitted, which allows a compressor to drop out to atmosphere 
when its pressure falls below that of the air system. 

By the use of the rotary compressors the air entering the pipe system 
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is kept entirely free from oil and otherimpurities liable to be introduced 
into the air system when piston compressors are employed. 

The speed regulation of the steam turbo-compressors is automati- 
cally controlled by the pressure in theair pipes. The regulation of the 
electrically-driven compressors at Robinson Central is effected by 
throttling the intake. The weight of a turbine-driven compressor, 
condenser, and pumps is 180 tons. 

Switchgear.—The switchgear is laid out in a building at the southern 
end of the station, and the step-up transformers are in cubicles arranged 
along the outer side of the switchhouse. The last-mentioned is con- 
structed with four floors : the upper floor contains the lightning-arrester 
gear, the third floor the busbars, the second floor the 40,000- and 
20,000-volt oil switches, whilst the lower floor is occupied with cable- 
ways and pipe-passages. Duplicate busbars are installed for both the 
40,000- and 20,000-volt systems, the various oil switches being provided 
with knife selector switches to connect to either busbar. The 40,000- 
and 20,000-volt systems are connected together through coupling trans- 
formers. The switches consist of three single-phase coupled switches 
operated from a remote control board. Fig. 9 shows the diagram of 
connections. | | 

Since the Rosherville station came into commercial service, troubles 
have been experienced owing to failures of switches on short-circuit. 
When the Brakpan and Simmer Pan stations were started to supply the 
40,000-volt transmission and also the 10,000-volt local lines, their total 
capacity was 24,000 kw., and no trouble was experienced when 
a short-circuit occurred on the system. When, by the addition of 
Rosherville, the system grew to 60,000- and 70,000-kw. capacity, switch 
breakdowns occurred conclusively proving that no apparatus was 
available which could be relied upon to interrupt the immense rush of 
current occurring on short-circuit. 

Some serious line interruptions have in the past been caused by the 
wilful throwing of bare wires over the lines. When this form of short- 
circuit has occurred near a power station, apparatus has usually 
been lost. . 

Dynamos running at a high speed have a low internal reactance. 
The step-down transformers in the present case were designed with a 
low reactance to give a good regulation, so that probably the total 
reactance in circuit on a short-circuit was about 7 or 8 per cent. The 
momentary rush of energy on short-circuit could therefore reach {һе 
tremendous proportions of 500,000—700,000 kw. No oil switch as at 
present designed could interrupt this rush of power unassisted. The 
intensely hot gases formed by the arc after rising through the oil come 
into contact with the air and cause an explosion, which more often 
than not is productive of a switch failure. 

About the time that this trouble became apparent on the..Rand 
exactly the ‘same difficulty was being experienced on stations of 
similar large output in America, and the problem was vigorously 
tackled over there. Many methods have been tried at Niagara, 
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Chicago, and other places, and it has become generally recognized 
that it is necessary to insert additional reactances in order to limit the 
rush of energy on short-circuit. In certain cases this precaution has 
proved entirely satisfactory. In others additional methods for 
assisting the oil switch have been necessary ; such as (i) sectionalizing 
the system on to separate busbars and limiting the amount of machinery 
that would be affected by one short-circuit ; (ii) the placing of two 
switches in series timed so that one opens first апа inserts a non- 
inductive resistance, the circuit being actually broken by the second 
switch ; (iii) the use of a special type of switch having two moving 
systems, one of which first introduces reactances, and the other then 
breaks the circuit. - 

These methods have been tried on the Rand. The earthing of the 
neutral through a resistance has proved most valuable, as more than 
go per cent of the faults start as faults to earth. At Rosherville and 
Vereeniging reactances having a value of about 6 per cent have been 
installed between the dynamos and the step-up transformers. The 
latest practice is to design both generators and transformers required 
for power service with large internal reactances. 

At Vereeniging and at the Rand end of the 80,000-volt line two 
systems of switching have been installed. On the first two 
Vereeniging machines two switches are employed in series, one intro- 
ducing a non-inductive resistance ; while on the last two machines, both 
of which have not yet been put into service, a two-movement reactance 
switch is being installed. ‘This switch is constructed on the lines of an 
oil-break switch, but is provided with a second pair of contacts for the 
final break. The separation of the first pair of contacts introduces two 
reactances placed centrally one on each terminal bushing inside the 
oil tank, and the second pair of contacts finally breaks the circuit. 

At some early date the system will also be sectionalized in order to 
reduce the rush of power on short-circuit, and in doing so reactances 
of relatively large value can be inserted between sections in those 
cases where it is not economical to separate adjacent sections 
permanently. | 

This problem of switchgear for dealing with enormous rushes 
of power has proved one of the most difficult that has been encountered 
so far on the Rand and also in America. It has not yet been finally 
solved, nor have switches been standardized which are capable of 
dealing unassisted with these exceptionally severe service conditions. 
These remarks on switchgear apply not only to the central stations, 
but also to the distribution stations, and in a less degree to the 
consumers' sub-stations. 


TECHNICAL RETURNS. 


In order to show the operating efficiency technical figures such as 
are regularly used by this Company, rather than financial figures, are 
put forward in this paper. 

As they participate in the profits, the consumers supplied by the 
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Company have at definite periods the right of access to the books in 
order to determine the cost of a unit of power. 

The supervision of the power stations by the administration is based 
on weekly balance-sheets from each station, showing the efficiency of 
each process. The form in which these returns are made is based upon 
theunderlying idea of energy, and all energy, in whatever form it appears, 
whether as heat in the coal or in the steam, is expressed in the electrical 
engineer's unit, te. the kilowatt-hour, which proves far more con- 
venient than using foot-pounds or thermal units for expressing energy. 
The energy value of each pound of coal, usually expressed in B.Th.U.’s, 
is converted to kilowatt-hours by multiplying by 0:000293 ; thus a coal 
of 11,300 B.Th.U.’s per lb. has a value of 3:3 kw.-hours per Ib. 

The product of the number of pounds of coal burnt per kilowatt- 
hour and the energy value per pound gives the coal energy required 
for each unit of electrical energy sent out ; and the reciprocal of this 
multiplied by тоо gives the overall efficiency of the station. Thus, 
taking an average figure for Rosherville of 2} lb. of coal per unit sent 
out, and 3:3 kw.-hours (11,300 B.Th.U.’s) for the heat value of the coal 
per lb., the overall efficiency is 12 per cent. 

In a similar manner the energy in the steam is calculated in kilo- 
watt-hours from Mollier's steam tables. The boiler efficiency is the 
ratio of the kilowatt-hours in the steam (less the energy supplied from 
the hotwell) to the kilowatt-hours in the coal. The efficiency of the 
engine-room plant is expressed as the ratio of 1 kw.-hour of elec- 
trical output to the kilowatt-hours of available energy in the steam, 
i.e.to the total energy of the steam less the heat rejected to the con- 
densers. The ratio of the available energy in the steam to the total 
energy in the steam gives a measure of the efficiency of the condensing 
process. 

The balance-sheet and detailed report (see pages 21 and 22) 
of the Rosherville station show how the returns of these efficiencies 
are regularly made. Similar returns are prepared for the other stations, 


THE COMPRESSED AIR SYSTEM OF THE RAND MINES POWER SUPPLY 
COMPANY. 


The compressed air required for the various mines had to be sup- 
plied at an average pressure of 100 lb. per sq. in. delivered on the 
property of each of the consumers. The initial demand involved a 
maximum load of about 30,000 kw.; but this has since been nearly 
doubled. All the advantages of centralization of power production, 
such as the use of large units, saving in capital and operating, diversity 
amongst the mines, spare plant, etc., apply to this form of power 
supply. The system of centralizing the compressor plant and trans- 
mitting by pipes was therefore adopted. The distance between the 
two extreme mines served by the air-pipe system is approximately 
I4 miles. The total length of pipe laid is 20 miles, varying in diameter 
from 24 in. to 9 in. 
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EFFICIENCY REPORT. 


Operation Department, | Rosherville Station, 
Two weeks ending 23rd October, 1912. 
No. 1 Account. Boiler House. 


eee eae ee ee = 


| 


| This | Last , This | Last 
week. week. week. | week. 
.Kw.-hrs. Kw.-hrs. Ku. hrs. Kw.-hrs. 
: | | | , | 
‚То energy in coal, By energy in steam ... | 6°55 | 6°53 


used (per unit sent | | | 
out) ... ves -.. 870 | 860 | Less heat in hotwell! обі | 0°68 


94 | 5°85 

Balance lost ... 2:776 | 2°75 
Mec ens Ete eI aa ерии ы | 
| Total 87 8:60 Total 8:70 | 8:60 | 
i 

No. 2 Account. Turbine House. 

| This | Last | | This | Last 
week. | week. | week. | weck. 
Kw.-hrs. Kw.-brs. tone Kw.-hrs. 

| To energy in steam | By electric output ... гоо | roo 

| (from No. 1 Ac- | | 

count) ... e| 6°55 | 6°53 Balance lost ..: 096 | 0°96 


Less energy to cool- | ! 
| ing pond... e| 4°59 | 4°57 | 


Available energy ... | 1°96 | 1:96 Total ... we | 90 | 1°96 | 
` 1 | 
This Last | 
week. week. 
Per Cent. | Per Cent. | 
n 5 
| Efficiencies— | 
| Boiler hcuse ws ss ..]| 680 68:0 | 
| Condensing process ds ... | 30°0 300 | 
| Turbine house... =... | S5ro 5170 | 
Overall ie bid T sedi. pes 116 | 


| B.Th.U.'s per watt-hour ... ... | 297 29°3 
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DETAILED REPORT. 
Ofcralion Adjustment. Rosherville Station. 
Week ending 23rd October, 1912. 


а — — 


Item. This Week. | Last Week. 


| ict T€: 
| сүр. | 
| . Units sent out кез re ... | 4,754,000 | 4,514,000 
^ Units, per cent of generated ix pus 94:20 94°00 
Coal— . 
3. Lb. per unit sent out san ee d 2°64 261 | 
4. Calorific value -— өз B.Th.U. | 11,230 II,250 
| 5. Energy per unit sent out ... kw.-hrs. 8:70 8:60 
Water— 
6. Condensed water per unit sent out Ib. 16°20 16°30 
7. Make up, per cent of evaporated .. - 6:00 5:50 
8. Hotwell temperature is deg. С 68 7 
' . 9. Energy in hotwell per unit kw.-hrs. 061 о'68 
| Steam— 
Io. Pressure ius Ib. per sq. in. 224 224 
| rr. Temperature at machines... ^ deg.C. | 297 296 
| 12, Water evaporated per Ib. of coal Ib. 6°50 6°54 
| 13. Energy in steam per unit .. kw.-hrs. 6°55 653 | 
| 14. Vacuum percent... 9гбо | 92°00 
15. Energy to cooling pond per ‘unit. kw.-hrs. 4'59 4°57 
. Ash— | 
| 16. Per cent ui d is i zd 18770 | 180 | 


-——— " А еу 


The problems attaching to this method of power distribution had 
not previously been considered on so large a scale, and in view of the 
small amount of data and experience available the successful installa- 
tion and operation of this air system are of some interest. 

After a number of possible alternatives for giving this supplv both 
economically and reliably had been considerd, it was finally decided to 
install steam-driven rotary compressorsat Rosherville Dam and to erect 
an electrically-driven compressor station at Robinson Central Deep 
(Fig. 10), a point 6 miles to the west, where a supply of water was 
available for cooling purposes, the two stations operating in parallel on 
a common trunk pipe-system. The additional cost of two stations as 
compared with one was found to be more than offset by the saving in 
the cost of air mains and by the beneficial influence on the power 
factor of the compressor motors at Robinson Central; these motors 
were designed to operate at a leading power factor of 85 per cent 
at full load. 

Six steam-driven rotary compressors have consequently been in- 
stalled at Rosherville, and six similar compressors, electrically-driven, 
at Robinson Central, each compressor being rated at about 3,500 kw. 
input. The orders for these machines were distributed among the three 
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firms who tendered, namely, the Allgemeine Elektricitats Gesell. 
schaft, Pokorney Wittekind, and Gütehoffnungshütte. These machines 
are the largest compressors yet constructed, 1,250-kw. capacity repre- 
senting the construction limit previously reached. To meet the increase 
in the demand three additional steam compressors, each rated at 
7,000 kw., are under construction. 

In order that a uniform price might be charged for air and electricity, 
an air unit was adopted, the basis of which has already been mentioned 
and may now be considered in greater detail. 

Before electrification the mines obtained their compressed air 
supply by reciprocating steam-driven compressors at each mine.. The 
agreement defined that the consumers should pay the same price for 
any given quantity of compressed air as they would have paid for the 
indicated steam energy necessary to enable their reciprocating com- 
pressors to produce this quantity of air, assuming that they bought this 
steam energy at the same rate per kilowatt-hour as they were paying 
for electrical energy for other purposes. This involved measuring the 
quantity of compressed air which could be delivered for each 1°34 
indicated-horse-power-hour (1 kw.-hour) developed in the cylinders of 
the consumers' reciprocating compressors. 

The formula for isothermal compression is :— 


The work done Compressing a unit weight of air isothermally 
= К Т log, P/P,, 
where— 
R = the gas constant for air, 
T = absolute temperature of intake, 
P = absolute final pressure, 
P, == absolute pressure of intake. 


This gives the work done in compressing air isothermally from one 
pressure to another at any temperature, and it can be expressed either 
in foot-pounds or in kilowatt-hours. Thus the quantity of air com- 
pressed isothermally from one pressure to another at a given temper- 
ature by 1 kw.-hour is known. This quantity is greater than the 
quantity which can be compressed in a commercial compressor, the 
difference being due to inefficiency caused by the losses of the com- 
pression process compared with isothermal compression, frictional 
losses, and losses through leakage. The commercial unit was conse- 
quently determined as a certain proportion of the quantity of air which 
would be isothermally compressed by 1 kw.-hour ; this proportion 
depends on the overall efficiency of the reciprocating mine-compressors. 

As each independent compressor would differ in performance from 
all the others it was agreed that the compressors should be tested “ by 
sample,” and six machines were selected to represent the types of all in 
usc. Their weighted average overall efficiency was found to be 
641 per cent, so that the commercial air unit was fixed at o'641 
of the quantity of air which would be compressed isothermally by 
the arenes of 1 kw.-hour. 
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Up to this time no meter had been developed for the measurement 
of air energy, and much experimental work was necessary to evolve a 
suitable instrument. When one considers the time taken to produce a 
successful electrical energy meter, it may be claimed that the develop- 
ment of a satisfactory air meter constitutes an engineering achievement 
of considerable interest. 

The tests of the six compressors on the mines had to be conducted 
in South Africa, and as no meter existed then, and the usual methods of 
testing compressors were far from accurate, new methods had to be 
devised to determine a unit on which the purchase of power worth 
£250,000 a year for twenty years was to be based. 

The measurement of the discharge from the compressors through 
orifices was decided upon with the idea that the performance of the 
compressors could be recorded against these orifices, which could then 
be standardized by further experiments in South Africa or in Europe. А 
master meter was designed by the Rand Mines, Ltd., and constructed 
by Messrs. Fraser & Chalmers, which was ultimately erected in an air- 
testing station at the Ferreira Deep Gold Mine. This meter is a three- 
crank displacement meter of a very large size, and has been specially 
designed so that any clearances, leakages, etc., which would reduce the 
accuracy, have been made a minimum. Being a displacement meter a 
direct measurement of the air is obtained without the introduction 
of empirical formulze Though a large machine, standing about ro ft. 
high and 15 ft. long, it is so sensitive that it gives consistent and 
accurate results for a flow of air through an orifice үу in. in diameter. 
The orifices used in the compressor tests were compared with this 
master meter and their coefficients determined. 

Subsequently an opportunity presented itself of comparing the work 
done in air measurement in South Africa with the collateral work done 
in England when developing the air meters. When the results were 
compared it was found that there was not more than 4 per cent 
difference between the two. "The work of testing the six sample com- 
pressors was undertaken jointly by the engineers of the Rand Mines, 
Ltd., and those of the Victoria Falls and Transvaal Power Company, 
Ltd., and occupied twelve months. 


AIR METERS. 


The scope of this paper does not permit of a detailed description of 
the meters, but a general description of the principle of the Venturi 
meter adopted may be of interest. 

From the formula given above for the work done in compressing 
a pound of air from atmospheric temperature and pressure, it will 
be seen that in order to obtain the total work done this work must be 
multiplied at every instant by the total weight in pounds. This product 
will depend upon the value of T (the atmospheric temperature) in the 
formula ; but it has been agreed that the mean annual temperature on 
the Rand, 60° Fahr., should be taken throughout, and similarly also 


1913.) HADLEY: POWER SUPPLY ON THE RAND. 25 


the mean annual atmospheric pressure of 12:086 lb. per square inch was 
adopted. 

Measurement of the weight of air by means of a Venturi tube is 
found by taking the drop in pressure across the throat, and the 
temperature and pressurc at the point of supply, in accordance with 


the formula W = K (P H/T,)!; where K isa constant, Н is the pressure- 
drop across the throat, and P and T, are the pressure and temperature 
respectively at the point of supply. 

As the variation in temperature at any particular mine causes but 
little inaccuracy in the registration of the meter, it was not necessary to 
make the temperature correction automatic. The meters are arranged 
so that an adjustment can be made on the recording mechanism to 
correct the reading to correspond with the mean temperature of supply 
found to exist at the mine where the meter is installed. 

The final calibration to enable the dials to read direct in the “ air 
units" as adopted under the contract has, amongst other constants, to 
take into account the efficiency of the six sample compressors ; this is 
done by means of a ratio-wheel. The recording mechanism has there- 
fore to multiply continuously two variables, one dependent upon the 
weight of air passing. and the other on a function of the pressure of 
supply. | 

It was decided that the Venturi tube is the simplest apparatus to 
adopt as a standard for the measurement of air, as it introduces no 
moving parts in the pipe line such as would be introduced by fan 
or displacement meters, and does not cause any appreciable drop 
of pressure. 

Exhaustive tests extending over many months were carried out 
in order to determine the coefficient of the Venturi tube. These 
tests were made by means of the displacement meter before it was 
dispatched from the shops of Messrs Fraser & Chalmers. 

The weight of air is measured by the drop of pressure across a 
Venturi tube (T in Fig. 11) fixed in the pipe linc. In the meter 
adopted the Venturi head is measured by means of an inverted bell (B) 
sealed by oil (O), the movement of which is controlled by a specially 
shaped float (F) that enters and leaves a mercury bath (M). This float 
is so shaped that the displacement of the bell corresponding to any 
Venturi head is proportional to the logarithm of the number of pounds 
of air passing at a given pressure and temperature. The arrangement 
is sensitive to a Venturi head of less than one 10,000th of a pound per 
Square inch, and it will measure a Venturi head up to 0:85 Ib. per square 
inch. 

The pressure of delivery is measured by steel diaphragms (P), and a 
displacement proportional to the logarithm of the required pressure 
function is obtained from them by means of a cam (PC). These two 
displacements, each proportional to the logarithm of one of the 
variables to be measured, are added together by means of a differential 
gear (D G), similar on a small scale to that used on the back axle of 
a motor-car. This combined displacement is finally converted by 
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means of a logarithmic cam (L C) into a displacement proportional to 
the power (kilowatts) in the pounds of air being delivered. 

The meter is provided with direct-reading recording dials which 
are capable of being connected with a clock-driven shaft running at 
one revolution every two minutes. The displacement proportional 
to the kilowatts regulates the length of time that the train remains in 
gear during each revolution of the clock-driven shaft by means of a 
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Fic. 11.—Air Meter. 


clutch. То avoid winding, the clock is driven by a small constant- 


speed air turbine. 
The effective range of the meter is one-thirticth of the maximum 


load. The guaranteed accuracy which has been maintained in 
operation is as follows :— 


Full load, 1:5 per cent ; half load, 1°75 per cent; one-tenth load, 
2°25 per cent. 


All the recorders installed are identical, with the exception of the 
ratio-wheel, thus enabling any recorder to be used for any tempcrature 
of supply and with any Venturi tube. The Venturi tubes themselves 
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are fitted with interchangeable throats, so that, in the event of the 
demand of any mine increasing, no alteration is necessary beyond 
changing the Venturi throat and the ratio wheel on the recording 
apparatus. 

The meters were constructed by Messrs. George Kent, Ltd., of 
London and Luton. . 


OPERATION OF AIR SYSTEM. 


The results of the operation of the air system have been observed 
over the 20 months since the supply was first put into commercial use, 
and have been very satisfactory. Before the compressors were put 
into commission considerable doubt existed as to whether satisfactory 
parallel running of such large compressors on a common pipe system 
could be obtained, as it was feared that the machines might tend to 
hunt with a variation in the load on the system unless they were auto- 
matically controlled. A system of automatic control was fully con- 


Fic. 12.—Air Pipe-joint. . 


sidered, but it was decided not to proceed with it until the compressors 
were tested. In the design of the compressors care was taken to make 
the characteristic curve between the load and pressure as similar as 
possible on the different compressors. 

Experience has shown, however, that there is no difficulty in parallel 
running with the compressors installed, and that the engineers-in- 
charge are able to operate the compressors satisfactorily. Only onc 
or two cases have been recorded of a compressor dropping out to 
atmosphere, and this has only happened when there has been some 
abnormal disturbance on the electric supply system. The steam-driven 
compressors have operated satisfactorily from the start. 

А series of careful monthly tests have been conducted for some 
time past by taking throughout the working day 10-minute readings 
of the output from the compressors and of the meter readings and 
pressures at the consumers' mines. It has been found that of the air 
units sent out 95 per cent have been recorded at the consumers' 
meters, 3 per cent have been lost in transmission, and 2 per cent are 
unaccounted for. 
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These tests have also shown that the diversity between the various 
mines, of which there are ten, is very small, not exceeding as a rule 
5 per cent during the working day. The monthly air load factor is at 
present 50 per cent. 

The drop in pressure to the various mines varies according to the 
distance and the size of the pipe, but with the pipe-system laid down 
the average pressure-drop is not more than 6 lb. The pressure-drop 
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FiG. 134.—Standard Type of Consumer's Sub-station. Section through 
Transformer Cells. 


for every load was carefully calculated before the pipe-system was 
installed, and in practice it is found that the observed delivery pressure 
does not vary more than 2 per cent from the calculated figures. 

Careful observations are also being taken of the condition of the 
pipes, and up to the present therc is no reason to suppose that much . 
deterioration will take place. Of 4,000 joints which are designed to 
allow for contraction and expansion only those within a radius of half a 
mile from the stations, where the temperature variations are greatest, 
have required attention. 
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The joint used in the pipe line is of the spigot and socket type, 
the jointing material consisting of an india-rubber ring, which is . 


made tight by a gland as shown in Fig. 12. 
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; Еб. 13B.—Consumer's Sub-station. Plan of Ground-floor. 


CONSUMERS SUB-STATIONS. 


The electrical supply at 2,000 volts and 550 volts to the consumers’ 
premises is effected from step-down transformer stations, which are 
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built by the consumers, but are equipped with switchgear and trans- 
formers by the power company (Figs. 134 and 13B). There are бо of 
these consumers' sub-stations connected to one system, and their 
individual capacity varies from 10,000 k.v.a. to 2,000 k.v.a., the normal 
size being 5,000 k.v.a. - 

The standard sizes of consumers’ transformers are 1,000, 500, and 
250 k.v.a. designed with the primary windings arranged for either 
20,000 or 10,000 volts. A temperature rise of 40° C. is allowed above an 
air temperature of 40? C. The windings near the outgoing terminals 
will stand a pressure of 15,000 volts between adjacent turns. The 
high-tension windings are tested to the secondary windings and core 
with a pressure of 40,000 volts, and the insulators with 60,000 
volts. The transformers have been supplied by Messrs. Siemens, 
the Allgemeine  Elektricitáts Gesellschaft, and the Westinghouse 
Company. 

The transformers are exported filled with oil, thereby reducing the 
cost of transport and dispensing with the necessity of drying out after erec- 
tion. In order toallow for the expansion and contraction of the oil each 
transformer tank is connected with a second smaller tank fixed on the 
wall of the sub-station. This expansion tank is fitted with a vertical 
vent-pipe so that only a small surface of oil is in contact with the air, 
and by this means sludging is prevented. Each sub-station chamber 
has a short stack, which induces a natural draught and provides 
effectual ventilation. Double busbars are provided for each voltage. 
The high-tension and low-tension switchgear in each sub-station is 
arranged in different chambers with a central operating passage 
between, containing no “live” material. The “live” chambers are 
locked, and stringent regulations as to the possession of the keys ensure 
that no unauthorized person can obtain access ; in no case is one man 
allowed to enter alone. 

The total capacity of the transformers in operation, including 
generator transformers and. coupling transformers, is unusually large, 
amounting at the present time to 450,000 k.v.a.; but this will be 
increased to 508,600 k.v.a. when the transformers delivered and on 
order are brought into commission. 


ACCOMMODATION OF STAFF. 


The Company realize the importance of welfare work and its 
influence on the conditions of the life of the staff. They give a 
generous support to recreation and sport, and facilitate in every 
way the promotion of social intercourse among all classes of the 
employees. А 

Some бо residences and quarters have been built by the Company 
at the various power stations, and at each station a boarding-house 
and recreation-rooms are provided. Generally speaking, the conditions 
of life compare very favourably with those of an engineer on the 
mines. A fleet of 14 motor-cars is maintained in constant service for 
the use of those officers and engineers of the Company whose duties 
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necessitate visiting the different parts of the system. A special 
department handles all the entire transport of materials, and employs 
constantly two motor lorries and 50 mules and horses. 

The author wishes to express his thanks to Major the Hon. W. L. 
Bagot, D.S.O., the Company's general manager in South Africa; 
Mr. Bernard Price, the chief engineer ; Mr. G. M. Clark, the Company's 
air engineer ; Professor Klingenberg, of Berlin; Mr. T. L. Hodgson, 
of Messrs. Kent, Ltd., and to the members of the staff who have kindly 
given their assistance in the preparation of this paper. 


DISCUSSION. 


Mr. J. Н. ROSENTHAL: As far as the general lay-out of the Rosher- M 


ville station is concerned, the arrangement of the boiler houses in bays 
at right angles to the engine-room so as to provide for a symmetrical 
arrangement of engines and boilers, and at the same time give facilities 
for the coal to be brought in, was first introduced in the Carville power 
station of the Newcastle Electric Supply Company. That station was 
the forerunner of this type of power station, and has since been copied 
ina very large number of cases all over the world. А point that will 
doubtless be noticed by most readers of this paper is that a 75-h.p. 
fan is used for the induced-draught plant. That power is perhaps 
a little more than is necessary to produce 38,000 lb. of steam in each 
. of the two boilers, and at first sight it looks somewhat large ; but it 
must be borne in mind that this figure represents a very small per- 
centage of the horse-power actually produced, and also that the 
plant has to operate under atmospheric conditions that are not 
adapted to a high rate of combustion per square foot of grate, owing 
to the barometric pressure being so low. As a matter of fact, it 
would have been quite impossible to build this plant with ordinary 
chimneys to produce the draught by the methods that we are generally 
accustomed to. The two boilers with this one fan will produce some- 
thing like 4,000 kw. The advantage over the ordinary induced-draught 
arrangement is that the fan is not in the gases. The peculiar shape 
of the chimneys gives more natural draught than an ordinary chimney 
of the same height would when the fan is not working, and the arrange- 
ment is more compact. As far as the space occupied, and conse- 
quently the cost of buildings for this plant, are concerned, the heavy 
freight charges render this aspect of considerable importance. It will 
be seen from the paper that there is r'19 kw. produced per square foot 
of floor space, or per square foot of building. I think that is a record. 
The nearest that I know to it is at Dunston power station, where there 
5 1'12 kw. produced per square foot, and next to that, I believe, comes 
Lots Road, with 0:72 kw. per square foot. The arrangement of the 
coal storage outside the building is unusual, and looks rather primitive 
in the lantern views that we have seen ; but of course it is one of the 
advantages of the climate there that the coal does not lose by exposure, 
and, as there is not much rain, coal storage outside is permissible, 
Whereas in Europe or America we should put the coal under cover. 
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One of the features of the installation also is that the coal is not 
handled at all. The firing is entirely mechanical. It was a very 
essential feature to have thoroughly self-clinkering furnaces, because 
white labour is very costly, and coloured labour cannot be used without 
constant supervision by white men. As far as efficiency is concerned, 
I do not think the author has selected such favourable figures as he 
might have done ; and whereas one sees statements of high efficiencies 
obtained in European stations over a weck, it must be borne in mind 
that the 68 per cent quoted in the paper includes stand-by losses, 
which depend on the conditions of operation, and there again the 
unfavourable labour conditions have to be considered. Moreover, 
it must also be borne in mind that the coal is of a very inferior 
quality indeed, and in consequence also very cheap. It is stated to 
be of 11,000 B.Th.U.’s per lb. quality, but it is really not so easily 
burned or manipulated as the coal to which we are accustomed 
having the same number of units, as it is low in hydrocarbons com- 
pared with our coal. 

Mr. Н. BRaziL: This paper is not easy to criticize, since in this 
country we have very little chance of obtaining experience on a 
system of such vast size and under the peculiar conditions which exist 
in South Africa. I will confine myself to the details of the protective 
apparatus. I have been informed that in the original line put up near 
Johannesburg the guard wire consisted of ordinary barbed wire such 
as is used for fencing. I should like to know if that is correct or not, 
and whether the effect of the barbs on the wire is really beneficial in 
dissipating the energy. I should be glad if the author would give us 
a little more information with regard to the earthing of the neutral 
point. On page 12 of the paper he mentions that “а star-delta trans- 
former is employed for earthing to avoid disturbance to telephones." 
If he would explain how that is done, what size pf transformer is used, 
and how it is connected to the system, it would help us in getting an 
idea of the value of the device. Later he mentions that the 10,000-volt 
part of the system is earthed through a resistance, and there again we 
do not know what is the value of the resistance, or of what it is con- 
structed—both matters of great interest. Mr. Hadley also mentions 
that before the neutral point was earthed a great deal of trouble was 
experienced from induced potentials in the line, and that these troubles 
disappeared when it was earthed. I should like to know if this is 
always the case, and whether earthing the neutral point does remove 
all these disturbances, static and otherwise. If they are static I 
take it that the inductance of the machines does not. prevent these 
disturbances from reaching the neutral point; but if they are of an 
oscillatory character, it seems to me not at all likely that they would be 
reduced by earthing the neutral point. In the latter case I should 
imagine an arrangement such as a permanent leak would be necessary. 
There are a number of points which Mr. Hadley might clear up in the 
diagrams on page 12. Why are the arresters grouped in the way 
shown? For instance, in the case of the 20,000-volt system, there is 


1918.) POWER SUPPLY ON THE RAND: DISCUSSION. 38 


at one station one horn shunted with a resistance, and at another two 
horns are shunted, while the rest of the stations have no shunted horns. 
Why is it necessary in these particular two stations to shunt the horns? 
Are the very small figures in the gaps of the horns the settings of the 
horns in millimetres? Will the author also give us some particulars 
of the liquid resistance employed ? I should also be glad if the author 
would tell us what apparatus he uses for indicating when a discharge 
takes place, and if he would give some more examples of the data 
obtained from the records of these discharges. Finally, are the 
numbers on the pots to be taken as the resistance in ohms ? 

Mr. А. P. TRoTTER : We suffer in this country from the necessity 
for putting up lines on so small a scale that stringent economy be- 
comes necessary and difficulties arise which are not dreamed of 
in Mr. Hadley's paper. It is interesting to find that although it is 
not a very long line, as American and Canadian lines go, and the 
high pressures which are necessary in such cases are not used, yet 
the spans of 500 ft. are moderate compared with American spans, and 
they just about agree with what probably will be the most economical 
minimum span in this country. It is very gratifying to see a system 
which can afford two rows of poles, side by side, and to find that 
balanced protective gear is used, together with a ring main which will 
maintain the supply in case of a shut-down on any part of the line. 
The earthed guard wires, I am glad to find, are useful. I always 
believed in them, although some people say that everything erected 
has got to come down some day, and that they do not want to put up 
more than they can help, and especially an earthed wire on the top of 
other wires ; but it has its uses, and on the top these wires are 
apparently more useful for lightning than down below. I think barbed 
wire was used in South Africa at an early date by Mr. H. J. S. Heather, 
at Barberton, which is not on the Rand, and it was found effective. 
The largest barbed wire made is not strong enough for this purpose, 
and the barbs have not proved to be of any material use in protecting 
thelines. I should like to know whether the 24 ft. 6 in. clearance from 
the ground is found to be necessary. There are tall, high-laden hay- 
carts in some parts of South Africa, and in this country it is the hay- 
crt which is going to determine the height of the wires from the 
ground. There are many lines here with 18-ft. clearance on cross- 
country routes, and a height of 20 ft. generally seems to be sufficient. 
Is there any advantage іп a height of 24 ft. 6 in., and under the con- 
ditions in South Africa is it of importance? It is interesting to find 
that not only earthing the guard wires but that earthing the neutral 
point has proved to be valuable there. I shall be very glad if the 
author will give us a little more information about that, and also 
whether the length of the lines has much to do with it. There seems 
to be an opinion that the static surges and various troubles which may 
be cured by earthing the middle point only occur on long lines, and 
therefore that to earth the neutral point is not so important on shorter 
lines. 
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Mr. J. S. HIGHFIELD: It is particularly important at this time to 
realize that very large extensions are being made all over the world in 
electrical generation and in electrical transmission from large central 
stations. The scheme described in this paper is particularly interesting, 
because it is designed to supply in a district where coal is comparativelv 
cheap a comparatively small number of power users each requiring 
plant of large size and having a high load factor. With such con- 
ditions, it is most satisfactory that it has been found possible to shut 
down large local plants and transfer the supply to the power under- 
taking. It would be difficult to find a more notable example of the 
economy to be obtained by the centralization of power supply. 
Incidentally, this large example providesa most useful object-lesson in 
connection with the supply of power in small towns in this country. 
If it pays these large mines to shut down their plant in order to take a 
supply at a price in excess of 4d. per unit, I think it follows that the 
use of small plants for loads of comparatively small load factors, where 
power can be purchased at a price of 14d. or less per unit, must be 
wasteful. I am particularly interested to hear that a co-operative 
method is apparently in force for fixing the price. I am not quite 
clear about it, but I gather from the paper that the approximate price 
is 0°525d. per unit, and that it may be varied should the conditions of 
supply cause it to be unremunerative. I think such a principle in cases 
of large power supplies is extremely useful. It is not easy in the first 
place to settle a price which will be satisfactory to the consumer, and 
at the same time remunerative to the power undertaking. А price 
which is correct to-day may prove to be too low in the future owing 
to variations in the price of coal and wages, or, on the other hand, it 
may ultimately prove to be too high a price and produce an unduc 
profit. It is true that provision can be made for such variations by a 
term in the contract varying the price charged according to the pricc 
of coal, etc., but it is never perfectly easy to cover every case. From 
the point of view of a consumer of electricity it is most essential that 
a power undertaking should be an entirely successful commercial 
concern, because in all electric supply undertakings it is necessary to 
spend a large amount of capital year by year, and, unless the profits 
are adequate, the new capital can be raised only with difficulty and 
at prohibitive rates. Consequently, in an unsuccessful undertaking it 
is impossible to expand the business rapidly and to provide plant of 
the most economical type to meet the expanding load. Such expansion 
should always result in lower production costs and larger profits. It 
is therefore as much in the interests of the consumer of electricity as 
it is in that of the companies themselves, that the latter should be 
enabled to earn adequate profits so that they can raise the capital 
necessary for the successful continuation of their business. The 
co-operative method of working enables, on the one hand, the power 
undertaking to be maintained in a proper state of financial security, 
and, on the other, it automatically gives rebates in price to the con- 
sumer as improvements in plant and methods of operation, together 
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with the enlargement of the business, enable the costs to be reduced. ^ 


There are many interesting technical points in this paper with which I 
should like to deal, but I shall deal with only one, namely, the question 
of the earthed wire for protecting the overhead lines. I am entirely in 
agreement with the author that an earthed wire should be erected over 
the power wires. It is most necessary that this wire should be made 
of as durable a material and be as well supported as the power wires ; 
in fact, no trouble should be spared to make the earthed wire as 
permanent as possible, for the reason that, if it comes down, it gene- 
rally cuts off the supply, and it is exceedingly difficult to erect it again 
in its position over the power wires. 

Mr. A. JacoB: I consider the most interesting point is that of the 
transmission line. Mr. Trotter points out that the structures are more 
rigid and the lines are designed more in accordance with British than 
American ideas, whereas from what I know of American practice it 
appears to me that towers are lighter in the present case than the type 
of structure commonly employed on such schemes as the Hydro- 
Electric Power Commission of Ontario. There is less spread at the 
base in the present instance, and flexible structures are interposed so 
that only every fourth tower is of the rigid type. In looking into the 
question of the sag that has been allowed on these lines, I find it is 
given as то ft. upon a 500-ft. span, and making the usual allowance of 
30 lb. for wind pressure, it would appear that this sag corresponds to a 
factor of safety of about 2 per cent on the wire, which is very much less 
than the factor of safety commonly adopted in this country. The towers, 
moreover, have extraordinarily long arms at the top, and in the event 
of any mishap, such as the severing of the conductors on one side of 
the pole, the result would be an abnormal momentary stress on these 
arms ; I cannot see what there is to prevent them giving out, although 
I see some form of link arrangement has been adopted which may of 
course limit this momentary shock. On the question of cost, I have 
made an estimate upon a typical line with towers of the rigid type 
throughout, with alternatively copper and aluminium conductors, and 
I find that the total cost of the copper line for an 80,000-volt. system 
with a pole spacing of 500 ft. would be about £956 per mile, and for an 
aluminium line £826 per mile ; this would indicate that aluminium has 
not been considered in this scheme. The use of aluminium conductors 
means a saving of £130 per mile, which is a consideration, and is 
based on towers of more rigid construction than are indicated in Mr. 
Hadley's paper. Of course if the supports were of similar construction 
.. the difference in favour of aluminium would be still greater. At the 
present maximum pressure at which these lines are operated, 80,000 
volts, I take it that no trouble from corona loss is experienced, and I 
shall be glad if Mr. Hadley will confirm this. At pressures above 
80,000 volts, however, corona loss is a very serious and real trouble, 
especially at high altitudes, and I have known of cases where it was 
necessary in order to reduce this loss either artificially to increase the 
diameter of the copper conductor by the insertion of a hemp cord, or 
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to employ aluminium, which has a 28 per cent greater diameter than 
the equivalent copper conductor. I should be glad if the author could 
give us any definite figures as to the factors upon which these lines 
have been designed, so that I may check more accurately the con- 
clusions at which I have arrived. 

Mr. V. O. Davis : I do not think that the author has quite done 
himself justice in regard to the difficulties which no doubt have been 
experienced in South Africa, difficulties which have been due not only 
to climatic conditions, but also to legislation and other troubles in- 
cidental to a system of this magnitude. The novel part of the paper 
is perhaps the description of the transmission of power by means of 
compressed air, and it is very interesting to learn that turbo-com- 
pressors have been used on such a large scale, although these machines 
are practically in their infancy. With regard to the atmospheric con- 
ditions, the author mentions that the average barometric pressure is 
somewhere in the region of 12 lb. absolute, and this, of course, very 
considerably increases the power necessary to compress air, and also 
adds to the difficulties of construction of turbo-compressors, as it means 
that more stages are necessary. It is interesting to learn that the 
Victoria Falls and Transvaal Power Company have adopted synchron- 
ous motors for driving some of these compressors, and I think it will 
be agreed that this combination is a very happy one, especially as 
regards the improvement which such a combination effects in the 
power factor of a system of this kind. The use of synchronous motors 
has its disadvantages, however ; amongst others, there is the question 
of starting. The author indicates in the paper that starting is accom- 
plished by means of motor-generators, but a little more information on 
that point would be very useful. I take it that the compressors are 
started with a closed inlet pipe, and are run up to speed by means of 
the motor-generators, which are then synchronized in as a whole, the 
motor-generators being taken off, and the air inlet pipe opened out 
when the set has reached full speed. The author says that no trouble 
has been experienced with parallel operation on these sets, and tells us 
further that the characteristics of these compressors have been made, 
as far as possible, identical. As they have been manufactured by 
several different firms, so that the characteristics probably do not 
follow one another very closely, it is very interesting to hear that no 
trouble has been experienced in practice in their operation in parallel. 
The regulation of the electrically-driven sets is effected by throttling on 
the inlet, which necessitates a certain amount of hand regulation. I 
take it, from figures in the paper, that the fluctuations in the load are 
not very considerable, otherwise this hand regulation would be rather 
awkward. The probability is that in a system of this kind, if heavy 
fluctuations occurred, it would be necessary to install something in the 
nature of an air switchboard, so that each attendant could regulate his 
compressor to give its proper share of the output. 

I do no quite understand the author's explanation of the working of 
the air meter on page 25 of the paper. He says that the float of the 
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meter is so shaped that the displacement of the bell corresponding to 
any Venturi head is proportional to the logarithm of the number of 
pounds of air passing at a given pressure and temperature. If that is 
so, I do not quite understand why the logarithmic cam should be intro- 
duced, worked by the rack and pinion which is geared to this float. I 
think, perhaps, the wording of the paragraph is a little vague, and I 
take it what is meant is, that the displacement of the cam roller is propor- 
tional to the logarithm of the weight of air passing. It is interesting to 
know that in the preliminary tests which were made to settle the price 
of the energy for compressed air, orifices were used for measuring the 
air delivered by the sample compressors. I believe such orifices have 
now been standardized by the Verein deutscher Ingenieure in their new 
rules for the measurement of the duty of air compressors. Turning to 
the question of the pipe line, I should like to ask the author whether 
this pipe line has been laid out in the form of a ring main, as otherwise 
it would seem that trouble would be experienced by subsidence. I do 
not know whether great subsidences occur in that country, but any 
disturbance of that kind of course might interrupt the whole supply. 
The author does not mention whether the pipes are drained, but I 
imagine this is necessary, especially as, although the country is more 
or less flat, there must be low-lying portions. Fig. 12 illustrates the 
air pipe joint, which type of joint has, I suppose, been introduced to 
give a certain amount of freedom for expansion and contraction in the 
pipe. I should like to know whether additional expansion joints have 
been introduced as well as these joints that are shown in the paper. 
A further point on which I should like to have information is with 
regard to the coating on the inside of the pipe. I have found with 
reciprocating compressors that when the pipe is coated with asphalt or 
any tar preservative, the solution has a tendency to flake off, and 
particles find their way through the mains to the tools underground, 
with, of course, very deleterious effects to the valves and pistons. Are 
these pipes treated by compound, and if so, has any effect of this sort 
been obtained? In conclusion, I should like toask whether the figures 
of the efficiency include the efficiency of the turbo-compressor units, 
and if not, perhaps the author would kindly supplement them by giving 
some further information with regard to these air compressors. 

Mr. E. V. PANNELL: I feel sure that many will regret that the 
author has relegated such an important subject as the transmission line 
to only one and a half pages. In view of the possible hydro-electric 
development of the Victoria Falls, and the installation of a transmission 
line some 700 miles long, it is undoubtedly the capital charges upon that 
line which will determine the commercial success of the enterprise. 
The author has given no operating data of his lines, and although we 
are not likely to have anything of this magnitude in this country in the 
near future, it must not be forgotten that power schemes for the 
Dominions are in a great many instances engineered from Great 
Britain; so that this country should undoubtedly be the fountain-head 
of the information involved. In connection with the design of the 


Mr, Davis. 


Mr. Pannell. 


E 
38 HADLEY: POWER SUPPLY ON THE RAND. [18th Mar., 


Mr. Pannell. structures employed, I should like to refer to Fig. 3, in which one 
of the intermediate towers is illustrated. Comparing this tower with 
the more recent practice obtaining on American transmission lines, 
Fig. A shows the upper part of the typical steel tower, and I should 
like to say that the dimensions of these structures appear to have been 
more or less standardized on these lines in the United States and 

Canada. The most important point is 

that the equilateral arrangement of 

conductors has been abandoned, and 

- seme 8 6---- I should like to ask the author whether 
=A that arrangement is considered so 
NU AO vitally necessary from the electrical 
standpoint as to demand the type of 

tower shown in Fig. 3. The par- 


Y ticular instance I am illustrating, which 


А6 is іп use оп a very extensive line in 
C———————4 California, has a cantilever length of 
NV cross-arm of 8 ft. 6 in., and the central 

columnar part of the structure is 4 ft. 

D square, so that there is thus an over- 
hang of about 6 ft. 6 in. Ihave meas- 

ИХ ured up approximately the tower 
SS shown in Fig. 3, and find that the canti- 
MU lever distance is 14 ft., that there are 
two wires on it as against one in the 

| case of the American tower, and that 


| the pull along these wires, with the 
| somewhat small factor of safety em- 
| | Y ployed, is about 1 ton, so that in the 
event of a wire brcaking there would 

| be a pull of 1 ton at the end of that 

н 14-6. arm, with only the 2-ft. square 

/ | N column at the middle to resist the 

| torque. I do not want to express any 

opinion as to which is the better 

design, but I should like to put it that 

for a given strength and safety the 

| structure I have just described will be 

FIG. A. cheaper than the one shown in Fig. 3. 

This is quite apart from the matter of 

flexible versus rigid towers, and I take it that the design need vary little 
owing to the fact that they are flexible or rigid perse. Another point in 
connection with the same subject is the very small spread at the bottom 
of the tower ; I should like to know whether it is customary on the lines 
which have been described in the paper to employ a concrete footing. 
Undoubtedly, as the spread at the bottom is decreased, the stability 
of the tower will also be considerably diminished unless concrete is 
employed, and working out a few instances of this 1 find the cost 


1913.) POWER SUPPLY ON THE RAND: DISCUSSION. 39 


of concrete footings frequently means 50 per cent increase in the total 
cost of the structure, so that if concrete can possibly be dispensed with 
it is undoubtedly a great advantage from the economic point of view. 
Mr. Hadley has given us no information about cost, but I would say 
that a rigid tower of the type I have roughly indicated will cost about 
£26 ready for delivery. The question of guard wires has cropped 
up several times. This is a subject which was considered by this 
Institution some two years ago at a discussion on high-tension trans- 
mission lines,* and it then never seemed to be;quite definitely decided 
as to whether the guard wire was there for electrical or mechanical 
purposes. It seems that wherever one employs flexible, or at any rate 
non-rigid towers, the guard wire is invariably used. I should like to go 
further and say that it is indispensable, т.е. the mechanical stability 
of the line is not sufficient without the guard wire and the great stiffen- 
ing that it gives to the towers along the line. The use of poor quality 
wire for this purpose has been mentioned. This appears to be a most 
vital point, inasmuch as a number of shut-downs in the United States 
have been due to fraying and unstranding of the guard wire and 
the subsequent short-circuit to one of the transmission line wires. 
Several instances have been reported from the Central Colorado trans- 
mission system. On this particular line in Colorado the patrolling 
of the transmission lines cannot be undertaken in the ordinary way, 
and it is customary to have a series of inspection points along the line. 
Instead of the line men patrolling the line, the inspection is done 
by powerful binoculars from these particular inspection points. It 
would be of interest to learn what methods of patrolling and inspection 
are adopted on the Rand lines. 

Mr. A. WRiGHT : I wish torefer to the two great experiments which 
the scheme has inaugurated, viz. the boiler house without chimneys and 
the transmission of air over long distances. The first, which has been 
a great success, is, I consider, a most remarkable feature, and does away 
with the most costly and unsightly chimneys to which we have hitherto 
been accustomed. The second is the greatest experiment that has ever 
been tried with air transmission. The losses which most of us predicted, 
and the difficulties of metering air, have proved to be absolutely non- 
existent. I congratulate the author on so successfully getting over those 
rather risky experiments. Regarding the transmission system, I believe 
that ultimately the demand for energy will be large enough to warrant 
underground mains, which I consider is the only method whereby the 
lightning trouble can be removed. I cannot help thinking that the 
lightning trouble will continue to prove difficult, because on that high 
plateau, 6,000 ft. high, the lightning strikes with a force that we in this 
country have very little knowledge of. I am glad to hear that the 
Vereeniging station running at 80,000 volts is a great success, as that is 
obviously the centre from which most of the future demandes will have 
to be supplied. 


* journal of the Institution of Electrical Engineers, vol. 46, р. 586, 1911. 
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Professor E. W. MARCHANT (communicated): There are several 
points of great interest in connection with this transmission system, 
and I should like to ask, in the first place, whether any corona has ever 
been observed on the overhead lines operated at 80,000 volts. I have 
estimated from the dimensions of the line given that the maximum 
dielectric stress at the surface of the wire is about 23,100 volts per cm., 
whereas at the altitude of this line-the dielectric strength of air will be 
approximately 29,000 volts per cm., using the formula given by Mr. 
Е. A. Watson.* This provides a factor of safety of 126 on the assump- 
tion that the wires are clean, smooth cylinders; as they are stranded, 
the maximum dielectric stress is somewhat greater than that calculated. 
With the severe dust storms that are stated to occur in this region, it 
does not seem unlikely that some of the persistent arcing over that has 
been observed under severe atmospheric conditions may be due to 
flashing over, when a corona has been started by a cloud of dust. The 
use of earthed guard wires would, of course, not protect the line 
against discharges of this kind. The account of the observed effects 
given on page тї appears to correspond very closely with what might 
be expected from an arc-over between lines, as not only is one line 
affected, but the others to which the discharge would take place. With 
a discharge of this kind, provided the conditions which produce it are 
not persistent, the line can be put back into service immediately the 
discharge has ceased to form, though it would probably not clear itself 
if left on service. It is interesting to know that the method of protec- 
tion by earthed guard wires has been found as effectual as it has been 
in America, where all the most recent transmission lines are fitted with 
this device. In connection with the breakdown of insulators it may be 
of interest to refer to the experiments which have recently been made 
by Imlay and Thomas, and are described in the Proceedings of the 
American institute of Electrical Engineers for December, 1912, in which 

is shown that the breakdown strength of insulators for high-frequency 
currents is very different from what it is for low-frequency discharges ; 
in particular, that insulators puncture far more easily with high- 
frequency currents than with the ordinary 5o- or 60-cycle current 
employed in tests; and that such insulators may flash over the surface 
for low-frequency currents, but will puncture at a much lower voltage 
under frequencies of the order cf a million. I should like to ask the 
author whether many examples of punctured insulators due to lightning 
have been found on the Rand lines. 

Mr. W. E. WARRILOW (communicated): The type of consumer's sub- 
station adopted by the Victoria Falls and Transvaal Power Company 
seems to me to occupy a large amount of space. Having regard to the 
fact that the tendency at the present time is to employ extra-high- 
tension and high-tension switchgear of the ironclad type, it would be 
interesting to hear if Mr. Hadley has considered the use of this class 
of apparatus, particularly for consumers’ sub-stations. The complete 
protection afforded by the iron enclosure of transformers, switches, 

`. Fournal of the Institution of Electrical Engineers, vol. 45, p. 27, 1910. 
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and connections, has encouraged the installation of this apparatus in the M 


open air. American engineers have gone carefully into this matter, 
and a number of outdoor installations on transmission lines working at 
pressures up to 10,000 volts are in satisfactory operation. It seems to 
me that the Rand power-supply scheme would be specially suitable for 
the use of apparatus in this way. Ina paper recently contributed to 
the American Institute of Electrical Engineers by Mr. F. C. Green,* 
particulars are given of the latest American outdoor installations of 
high-voltage transformers and apparatus. From these it is evident 
that there is no difficulty in designing apparatus (even up tothe highest 
limits of transmission voltages now practicable) which will withstand 
every conceivable kind of weather. The ironclad switchgear designs 
of several British electrical manufacturers seem to me to be quite suit- 
able for employment out in the open, both with underground cables 
and overhead transmission lines. I understand that Mr. Hadley has 
recently returned from a visit to the States, and possibly he may have 
come across one or other of these outdoor installations, and may be 
able to give his opinion as to their value in industrial power trans- 
mission work. 

Mr. C. A. BAKER (communicated): The author describes very fully 
nearly all parts of the system of supply, but omits entirely any reference to 
the most important item of measuring the consumption of the individual 
mines. From the figures given in the paper it appears that the revenue 
will in the immediate future amount to about £1,600,000 per annum ; 
with a permissible error in the meters of 24 per cent, no less a sum 
than £40,000 per annum is represented, and it is well known that to 
keep all the meters connected with a supply system within limits 
of error of 23 per cent is no mean task. I have frequently advocated 
the checking of large meters used for industrial purposes at intervals 
of three months, but in Mr. Hadley’s paper the standard of size is 
totally different from that which I had in my mind when suggesting the 
three months’ period. With the very large consumers on the Rand, 
every meter should no doubt be inspected and checked at intervals of 
four to six weeks, and standard instruments of the highest possible 
quality should be available for the purpose. Perhaps the author will 
give a few particulars as to this in his reply. 

Mr. D. WILSON (communicated): The author has given us a very 
full description of the plant at Rosherville power station, but such a 
description would have been incomplete without the balance-sheet, 
which enables engineers to study the economic results and form an 
opinion as to the merits of any particular design. The balance-sheet 
Б given in a particularly neat form, and one which might be adopted with 
alvantage as a standard for all power stations. It contains just that infor- 
mation which I think as a rule is always given reluctantly—if at all—in 
Papers of this sort ; and if all station engineers would publish the records 
€ their plant as fully as Mr. Hadley has done and boldly stand up to 
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criticism, I submit that the electrical industry would benefit thereby. 
Mr. Hadley need not be afraid of any criticism as far as his power 
stations are concerned, and I am only surprised he did not specially 
emphasize that, good as the present results may be, the Victoria 
Falls Company have only been prevented from establishing world 
records by severe conditions peculiar to the country. With a baro- 
meter standing at 24 inches, the condenser circulating water seriously 
influenced by the winter droughts, and the atmospheric temperature, 
it is difficult to attain the same low steam consumption for the tur- 
bines as in this country. Again, the caloric value of the coal used, viz. 
11,000 B.Th.U.’s per lb., does not in itself indicate the difficulty expe- 
rienced in burning this particular Transvaal coal. It is relatively low 
in hydrocarbons, very high in ash, contains a large percentage of very 
fine dry dust, and varies considerably in quality. Having in mind the 
enormous quantity of fuel which has to be consumed in these large 
power stations on the Rand, and the fact that the coal is obtained from 
a large number of mines, with consequent variations in characteristics, 
it is obviously difficult to maintain as straight an efficiency curve as we 
do in this country when burning more uniform coals. In spite of these 
conditions, however, I have seen at Rosherville weekly records showing 
an overall boiler-house efficiency of 75 per cent and a final deduction 
on the energy balance-sheet of 27 B.Th.U.'s per watt-hour. The latter 
figure is not a record, and I know of two undertakings doing better, but 
as I have had an opportunity of seeing the arrangements which the 
very able engineering staff in South Africa are making to meet the 
abnormal conditions, I have no hesitation in predicting that world 
records will be established in the immediate future, and as a result the 
further success of this great undertaking. 


DISCUSSION BEFORE THE MANCHESTER LOCAL SECTION ON 
IITH MARCH, 1913. 


Dr. E. RosENBERG : In England perhaps the largest power-supply 
undertaking which can be compared with that described in Mr. 
Hadley's paper is that of the Newcastle Electric Supply Company, 
and on the Continent probably those of the Rhenish-Westphalian and 
the Upper Silesia mining districts, but the output in each case is only a 
fraction of the output of the stations on the Rand. In other parts of 
the world I believe it is mainly water-power stations which can com- 
pare in total size, such as the Niagra stations and recent power stations 
in Norway, such as that at Rjukanfos. There are several remarkable 
features, however, which distinguish the Rand power supply from 
all others. Thus there is the incredibly high load factor of the 
undertaking, with a peak load of 88,000 kw. and sales averaging 
1,350,000 units per day. This means that the load for the 24 hours is 
equal to 15:3 times the output during the peak hour, and it is mentioned 
by the author as 70-74 per cent over a month. One of the most 
remarkable features of the undertaking is perhaps the supply of elec- 
trical energy to a number of large winding engines, which are con- 
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nected to the mains without any equalizing arrangements. I believe Dr 


that the load on the winding motors when suddenly thrown on and 
off exceeds 3,000 h.p. for each large winder. Mr. Hadley has not only 
described the design, but also some of the troubles experienced. The 
very costly experience of all large power-supply authorities in regard 
to switchgear lay-out is well known, and it is very interesting to notice 
how the Rand power stations at first suffered very greatly from the 
extraordinary atmospheric conditions, and how ultimately the dis- 
turbances grew less and less. 

Mr. B. WELBOURN: It is very difficult for those of us whose work 
is confined to England to appreciate what is being done not only on the 
Rand, but also in South America, North America, and Canada, in the 
way of power supply on a large scale, and therefore we are rather in 
a difficulty in discussing a paper of this kind. In regard to the 20,000- 
volt cables mentioned on page 5, in certain parts of the world, South 
Africa among others, I believe there has been considerable trouble 
with cables due to white ants. I should like to know if this trouble 
has been met with in the author's experience, and whether any effective 
method has been found of overcoming it. With such heavily loaded 
cables it is also probable that there is considerable expansion of the 
conductors, and I should like to know if it has been found necessary 
to use expansion joints, and whether the latter have provided a satisfac- 
tory solution. In carrying a cable network through country of this char- 
acter there is in all probability considerable surface subsidence, which 
may lead to trouble. In the Newcastle area, for instance, where the cables 
are carried through colliery districts, the trouble has been considerable, 
but by the use of Mr. C. Vernier's expansion joints* this has been largely 
overcome. In regard to the tests on the various apparatus, I should be 
glad if the author would not only mention the test pressure but 
also the duration of the tests. My reason for asking is that, in my 
experience, when testing with alternating current it is the heating up 
of the dielectric during the test, and not the pressure only, which 
leads to breakdown. There~has been a good deal of discussion 
lately as to the right way to use underground cables and overhead 
lines in series with each other, and also as regards taking off tappings 
from overhead lines by means of underground cables. I should like 
to ask whether it has been found necessary to use protective devices 
between the overhead lines and underground cables to prevent lightning 
and other disturbances on the overhead lines from affecting the under- 
ground cables. On page 8 the disc insulators used to build up the sus- 
pension type insulators are mentioned. "The tests seem to be in every 
way adequate per disc. Rumours have, however, reached this country 
— not in regard to this particular contract—that there has been a good 
deal of unexpected trouble with this type of insulator. In view of the fact 
that there are very frequent dust storms in South Africa, I should like 
to know whether the distribution of pressure over these insulators has 
been affected by the accumulation of dust, and whether there have 

* Fournal of the Institution of Electrical Engineers, vol. 47, p. 313, 1911. 
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been insulator breakdowns, especially on the 80,000-volt line. I notice 
that the 80,000-volt lines are not protected by the Merz-Price balanced 
relay system. Except that it is not a ring system, I do not quite grasp 
why the balanced relays should have been omitted when they have 
worked so successfully on the rest of the system. On page ro there is 
an interesting statement about the protection of overhead lines against 
lightning troubles, but I am afraid I do not quite follow the diagrams 
in Fig. 6. On the left of each of these diagrams there is a straight 
part which is isolated from everything. What do the numerals mean at 
each horn gap? Also are the other figures the values of the resistance 
in ohms? The arrangement of the protective gear reminds me very 
forcibly of some apparently efficient line protection which I saw 
some years ago in Toronto, where there was only one horn on a 60,000- 
volt line, which was put to earth through two water-barrels in series at 
the end of the line. The general arrangement of three guard wires 
above the line reminds me of the Montreal Heat, Light & Power 
Company's practice when they have severe lightning storms. They 
put out of service their topmost 13,200-volt three-phase line and turn 
the wires into earthed guard wires. This line protection raises a very 
serious question, namely, whether it is advisable to use the horn type of 
arrester. I have come to the general conclusion that on theoretical 
grounds any form of arrester which involves a spark is certainly to be 
avoided. A spark sets up a high-frequency oscillating disturbance on 
the system, thereby introducing into the system the very thing which 
we are trying to avoid. In this country spark-gaps are largely used, 
and although they seem efficient when the gaps can be kept clear of 
dust, etc., they appear to me to be the wrong apparatus to use. If 
the correct resistance is used in series with the gap it can be shown 
that the induced pressure on the line cannot be reduced by more than 
20 per cent, which seems insufficient when dealing with really high- 
pressure disturbances. 

Mr. G. D. SEATON : The efficiency reports commend themselves to 
me very much. A great deal of inefficient machinery is put into use in 
this country merely because itis cheap. I always encourage everything 
which brings out the merits of good machinery, and I think that the 
author is to be commended for his efforts in that direction. I should 
like to see similar returns used by our large municipal undertakings. If 
a sheet like that on page 21 were prepared by some of those under- 
takings, we should see some astonishing results. Any departure of 
this kind deserves to be greatly encouraged. In the detailed report on 
page 22 itis a pity that the barometric readings are omitted. Of course 
the Rand is about 6,000 ft. above sea-level, and consequently has a low 
barometric reading. The figure of 24 lb. of coal per unit generated is 
equalled in this country, but only by using much better coal and under 
better conditions generally. 

Mr. А. G. CooPER: The Prat system is quite new to me and I 
wonder how it compares in efficiency with the induced-draught system, 
making use of the outgoing gas for heating up the incoming gases and 


1918. ] POWER SUPPLY ON THE RAND: DISCUSSION. 45 


feeding these under the furnaces. The fan motor of course seems large, 
and if fully loaded it represents 14 to 2 per cent of the boiler capacity. 
With regard to the cost of production, I see that the consumers are 
charged on a variable basis. I presume this is something like the coal 
clause in this country, except that it seems to take in other items of cost. 
Does it cut both ways, i.e. up or down? The paper shows that the 
question of whether to earth the neutral has been settled in South 
Africa, and it has been decided that earthing is the correct practice. 

Mr. Н. С. ГАМА : I should be glad if the author could give us some 
idea of the size of the cooling pond at the Rosherville power station. 
For large stations in towns where there is no natural supply of water, 
the problem of obtaining cold water for the condensers is difficult. The 
quantity of circulating water (663,000 gallons per hour) for the 12,000- 
kw. sets at Rosherville appears to be very low. In my experience this 
quantity of water is required to maintain a 92 per cent vacuum for a 
5,500-kw. set, when working with cooling towers, where the inlet water 
to the condenser is rarely lower than 75° F. Considering that all 
the auxiliaries are steam-driven, the proportion of units used on the 
Works (6 per cent) seems to be very high, and I should like to ask for 
what purposes the power is used. In Manchester, at Stuart-street 
station, units used on the works amount to 7 per cent, but most of the 
auxiliaries are electrically driven, and 3 per cent is used on the cooling 
towers. I should also be glad if the author would say what sort of fire- 
proof cloth is used for the air filters. The most interesting part of the 
paper to central-station engineers is that giving examples of the efficiency 
reports. This is an ideal way of setting out the various efficiencies 
obtained in a power station, but I am afraid that not many station 
engineers can show such a good result as the overall efficiency of 
12 per cent mentioned in the paper. At the Stuart-street works the 
coal per unit is the same as at Rosherville, but the coal used is of a 
higher calorific value. To set out the accounts їп this way for a modern 
station using nothing but turbines, with similar results obtained from 
each one, is no doubt a simple matter, but some difficulty would be 
experienced in making out the results for a station where the plant is 
of a miscellaneous character with consequent variations in steam 
temperature and vacuum. 


Mr. ]. LUsTGARTEN : Have any records been kept of the number of M 


punctured insulators during periods of lightning? It is important to 
know whether an insulator can resist puncture by the sudden severe 
surges due to the direct lightning stroke and also to the induced stroke. 
Before flashing over at an insulator a certain time lag exists, and it is a 
question whether the porcelain or air gives way first. On page Irisa 
paragraph dealing with the question of earthing the neutral. Inarecent 
paper by Mr. Peck on this subject * we learnt that for all distribution 
arcuits, and high-tension circuits without transformers, earthing the 
teutral is the best policy, but for high-tension transmission circuits 
with transformers the advantages lie with the unearthed neutral; in 
* Journal of the Institution of Electrical Engineers, vol. 50, p. 150, 1913 
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the latter case the low-tension circuits ought to be worked with the 
neutral earthed. In transmitting power to consumers continuity of 
supply is the predominating factor, and as in high-tension transmission 
duplicate feeders cannot always be supplied, the advantage of being able 
to work with an earth—a punctured insulator, etc.—on the line out- 
weighs the advantages of lower potential stress and cheaper protective . 
devices. There is also the consideration of working with delta-con- 
nected single-phase transformers in case one transformer breaks down. 
A water-jet apparatus would get rid of static charges keeping the 
potential stresses down, and only in case of a fault would the line be 
working with abnormal stress ; but all the insulation is designed to 
meet such conditions. Recently an “arc suppressor” has been intro- 
duced in America for unearthed systems to eliminate either temporary 
or permanent earths, the faulty line being automatically connected to 
earth. It is interesting to note the use of the strain insulator instead of 
the shackle for pressures lower than бо kilovolts, viz. at 40 kilovolts, a 
pressure at which the pin insulator is cheaper and of less weight than 
the suspension type. 

Mr. Н. Coates: In connection with protective devices, І was 
wondering whether there was any other protection apart from the 
Merz-Price mentioned for generators and transformers, as of course if 
one set of protective devices breaks down on the faulty piece of appa- 
ratus there is no other line of defence. Are the switches in the sub- 
stations of similar breaking capacity to those in the main station? Also, 
since the earthing of the neutral, has there been less difficulty in break- 
ing the load on the switches on the occasion of faults or short-circuits ? 

Mr. W. Parry: It would be interesting to know how the estimated 
cost of the 700-mile scheme works out in comparison with the present 
steam stations, and whether steam stations were included in the original 
scheme on account of the unreliability of such a long transmission. I 
should also like to know whether the claims of continuous current were 
considered for the 700-mile scheme. The later power stations have been 
erected where the power is used, and the coal is carried to them. Is 
there any reason why these stations should not have been placed at the 
collieries and the power transmitted from there, as in the case of the 
Vereeniging station? I should also like to know why 50 periods was 
chosen in preference to lower periodicities. Were any tests carried 
out on the suspension-type insulators with 6 discs in series, and sup- 
porting a load of 1} tons, and were the tests carried out with the 
insulators wet or dry? Has much experience been obtained in the 
operation of Merz-Price gear as applied to transformer protection, 
especially where the gear trips the switch directly, as in the sub- 
stations of the Kleinfontein group of mines? I should be glad to know 
whether the sub-station transformers are naturally or artificially cooled. 

Mr. W. BoLTON SHAW : It seems to me that not the least interesting 
part of this scheme is the supply of compressed air. Are balance-sheets 
relating to the air-compressing plant kept in the same way as for the 
electrical plant? If so, it seems a pity that they were not included in 
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the paper. Is failure of the air supply unknown, and what sort of Mr. Shaw, 
pressure-drop occurs at the most distant point on the system? It 

seems to me that the very small leakage loss of 3 per cent in the pipe 

line is particularly good. 


DISCUSSION BEFORE THE NEWCASTLE LOCAL SECTION 
ON 9TH APRIL, 1013. 


Mr. С. N. WRIGHT: With regard to the pole lines at 80,000 volts, I Weight 
notice that a maximum sag of ro ft. is allowed. In this country, | 
however, the Board of Trade Regulations require under similar 
conditions as to span and size of conductor that a sag of 17 ft. 6 in. 
be allowed at the lowest temperature ; this results in a sag of more 
than 20 ft. at higher temperatures, or more than double that on the 
Rand, so that I think they are running things rather closer than we are 
prepared to do in this country. I should like to know if they have had 
any breakages due to wind storms. Опе great advantage they have is 
that they are never troubled with snow-storms—perhaps also the 
suspension type of insulator used helps to eliminate by its flexibility 
the possibility of breakage of conductors. If that is so, it is a point in 
favour of that type of insulator. It is interesting to know that the use of 
earthed guard wires above the conductors is considered one of the 
most efficient safeguards against damage by lightning. We have notin 
this district thought it necessary to run earth wires above the con- 
ductors, though of course we do not have lightning in this country on 
anything like the scale experienced in South Africa. I should like, 
if possible, to have some information regarding the method of sus- 
pension and the design of the overhead telephone cables, and to 
know if any trouble has been experienced with these cables. It is 
rather suggestive in regard to the generator transformers, that in the 
pressure test before putting them into commission a test voltage was 
applied across each winding irrespective of whatever tests had been 
taken between the windings and between the windings and earth. I 
should like to know if this is actually the case, as it has often occurred 
to me that the test usually applied, viz. that between windings and 
between windings and earth, is not stringent enough, as it gives no test 
between adjacent turns of the same coil. 

Mr. A. H. W. MARSHALL : While the Victoria Falls Power Company Mr. 
has had special difficulties to contend against, I think there can be no RS 
doubt that it was fortunate in starting operations at a time when all the 
main engineering features of such a scheme— generation, transmission, 
and distribution—had become more or less standardized ; and also at a 
stage of development which permitted the use of the best and latest 
type of plant. The company were fortunate in being able to start with 
alarge size of turbine and with electrical apparatus which had been 
designed with the knowledge of the very great mechanical stresses that 
are set up under short-circuit conditions on a large system. These 
stresses necessitated, for instance, a special construction of the end wind- 
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ings of the generators, and the secure clamping in position of the trans- 
former coils. I have no doubt that, as these effects were then realized, 
proper attention was given to the matter. What appears to be the main 
outstanding problem in South Africa, as well as here, is the provision of 
suitable switchgear ; and I am glad to see that this subject is referred 
to at some length. One advantage that a system consisting mainly of 
pole lines has over an underground system is that the excessive rushes 
of current on short-circuit are checked by the reactance of the pole 
lines; this means a fall of pressure at normal loads, and if more 
reactance is added for the purpose of assisting the switchgear, pressure 
regulation becomes difficult. On page 13 the author refers to wind- 
storms causing trouble when the neutral was insulated. I have seen 
the same thing here on a six-mile 11,000-volt line ; the horn-arrester 
gaps would discharge repeatedly with a strong wind blowing in a 
certain direction. ‘That, of course, would cease immediately the 
neutral was earthed. The Victoria Falls Company has had quite a 
unique experience in regard to air supply, and the results obtained 
by the company are remarkably good. Оп page 27 the distribu- 
tion efficiency is given as 95 per cent. I should like to know 
whether that is obtained with the air delivered into the pipes at 
atmospheric temperature, or if any loss of heat is included. The 
distribution efficiency of the air system is as good as would be expected 
with an electrical system of the same size. Опе very striking feature of 
the paper is the use of the kilowatt-hour to represent energy in forms 
other than electrical. Both the energy stored in the coal and that 
available in a certain quantity and condition of air are so expressed. 
It is somewhat remarkable that circumstances should have arisen 
necessitating the measurement of the compressed air energy in 
electrical terms, but it goes to show what a convenient unit the 
kilowatt-hour is. In time I suppose the brake-horse-power-hour will 
be about as obsolete as the horse for all mechanical operations. I 
should like to ask Mr. Hadley the following questions: What is 
approximately the proportion of theair units to the electrical units? At 
how many points is the neutral for each supply voltage earthed, and in 
what way? Is there considered to be any engineering difficulty in 
transmitting power from the Victoria Falls to the Rand, and how 
would the cost for so doing compare with the present costs? How 
many men are employed; and what are the station wages and the 
distribution wages per unit sold? Is any record kept of the number of 
units of which the sale is lost due to accidental interruptions of the 
supply ? 

Mr. С. STONEY: I believe there has been a good deal of trouble 
from large birds getting across the overhead wires and causing short- 
circuits ; and I should like to know whether any precautions have been 
taken to prevent this. Rooks have given considerable trouble in this 
country. І ат very glad to see that the author has adopted the kilo- 
watt instead of the horse-power as the unit of power for the air com- 
pressors. There are some five or six different horse-powers in use 
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in the world, and probably in time these will become obsolete, and 
the kilowatt will be the universal unit of power. ' Already it is 
largely used in connection with steam turbines. Would it not be an 
improvement if the external reactance installed to protect the electrical 
plant were placed in the stators of the alternators instead of in 
separate choking coils? The great difficulty in high-speed alter- 
nators is to get good regulation, and if the requirements were not so 
severe, better and more efficient alternators could be made. 

Mr. W. M. SELvEY : From the mechanical point of view it seems 
to me to be a matter of some note that the organization primarily 
designed for the production of electrical power has been able quietly 
to capture, organize, and work successfully an entirely new industry, 
viz. the supply of power by compressed air. This side of the com- 
pany’s activities is now comparable in: magnitude with its electrical 
undertaking. Its pipe-line losses are probably a less percentage than 
its cable losses, and a power meter has been devised which appears to 
be quite as satisfactory as an electrical meter for measuring the energy 
supplied to consumers. As regards the high steam consumption of the 
turbines, it should be noted that one table gives the vacuum as 92 per 
cent ; also that the stations are in a hot country and that no cooling 
towers are used. I think this information explains the point raised by 
one speaker, as the local stations mentioned in comparison have a vacuum 
of from 96 to 97 per cent. I am not aware of any reason why the 
particular design of turbine used on the Rand should not give as good 
an efficiency as the other types referred to. 

Мг. Н. L. RisELEY: I should be glad if the author would let us 
know: (1) The capital cost per kilowatt of plant installed in the power 
station ; (2) the capital cost per kilowatt connected ; (3) the revenue 
per kilowatt connected. I should also like to know if the nozzles of 
the A.E.G. machines were hand operated or controlled by the 
governors; and if hand operated, why? Have these machines three 
bearings or four ; and if four, is the outside bearing supported inde- 
pendently of the casing of the steam end? With regard to the rotary 
blowers, is any provision made for the failure of the non-return valve? 
It might be expected that the blower would run backwards and wreck 
the turbine. 

Mr. A. B. GRIDLEY (communicated) : The important scheme which 
Mr. Hadley’s paper describes is of special interest to us in the North, 
for the company’s chief engineer, Mr. Price, was formerly associated 
with us for many years, and the Merz-Price protective system, so 
largely adopted in South Africa, was developed here. Moreover, the 
immense undertaking of the Victoria Falls Company and its allied 
companies probably resembles the North-East Coast Power Companies’ 
combined undertakings more than any other. One of the factors which 
has enabled early profits to be earned by the South African under- 
taking is no doubt the ample supply of very cheap coal which is avail- 
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Mr. Gridley. customers of the power company is complete evidence of the justifi- 
cation of such companies. The reduction of prices to consumers if 
profits permit is particularly interesting, and I should like to know if 
this provision is inserted in every supply contract, and also if the 
tariff is always on the flat rate basis and the same to all consumers of 
a given load factor. I observe that the load factor is given as from 
70 to 74 per cent, a magnificent figure. It may interest the author to 
know that the Cleveland and Durham County Electric Power Com- 
pany's load factor is about 60 per cent, a figure not likely to be 
approached by any other public power supply undertaking in Great 
:Britain. This load factor is made possible by the transmission of 
surplus energy from the Tees to the Tyne. It would have been inter- 
esting if Mr. Hadley could have included one or two typical load 
curves, showing the system load, that is, presumably, the load curves 
of each generating station superimposed. Perhaps he can tell us 
whether there is much difference between the maximum demand 
during the day and night hours respectively, and whether a two-rate 
tariff would not tend to equalize matters, and so make the load factor 
even higher. With regard to the Merz-Price protective gcar, has Mr. 
Hadley heard of any trouble being experienced with the current trans- 
formers, and what has been the experience of running overhead lines 
in series with underground cables at such high voltages and in a 
climate where there are frequent lightning storms? Nothing is said 
in the paper about voltage regulators. Are there none in use on the 
system? If there are, of what types are they, and what has been the 
company's experience with them? The paper is also silent upon 
the question of electric winders, of which presumably there must now 
be a large number connected to the system. Does the company 
allow plain induction winding motors to be connected, or do they 
insist on load equalizers in some form or another? Again, is the 
competition of the exhaust steam turbine in any way felt, and to any 
substantial degree ? Is any 24-hour chemical load attracted to the 
system, and has any progress been made in obtaining an electric 
furnace load ? If so, what price is obtained for the energy? In the 
mining area is any damage to mains caused by subsidence ; and if 
so, what steps are taken to lessen the risk of damage? There 
appears to be rather an ample margin of transforming plant for 
dealing with the existing connected load. It would be interesting to 
know what the distribution efficiency is, and also the average power 
factor? Is there very much difference in the cost of underground 
cables and the heavy overhead line construction of similar capacities 
at 20,000, 40,000, and 10,000 volts respectively. 

A distinctly bad feature in the agreements with consumers is the 
penalty clause for failure of supply. I imagine that the company did 
not willingly concede this ; but perhaps Mr. Hadley can explain the 
circumstances of its adoption, and say whether it applies whenever 
an interruption takes place, irrespective of the cause. Undoubtedly 
two of the most interesting features of the undertaking are the induced- 
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draught plant in the boiler-house and {һе steps taken from time to time 
to cope with and lessen the damaging effects of severe lightning storms. 
| observe that the ‘control system” is comparable with that of the 
North-East Coast power supply undertakings. I should like Mr. Hadley 
to give us some information às to the amount of spare plant provided, 
particularly in connection with the transforming plant. In view also 
of the enormous size of the undertaking, and the promise of continuous 
and rapid growth, it would be of great interest if Mr. Hadley would 
just brieflv outline the departmental organization which has been 
adopted. 

Mr. К. M. LONGMAN (communicaled): The author's remarks on 
lightning and atmospheric disturbances are most interesting, especially 
as regards the advisability of earthing the neutral—a subject on which 
there was recently much discussion. Lightning troubles are not 
unknown in this country, and its effect on short 440-volt lines, in some 
half-dozen cases I know of, may be of interest. In each case a big 
potential difference must have been caused, but the only damage done 
was in the polyphase meters having no current or potential trans- 
formers. In all cases there was a flash-over across the terminals, the 
spacing being ł in. to 4 in. of air. Owing to the high frequency 
the highly inductive shunt coils escaped unhurt. A description of the 
switch provided with the second pair of contacts and the two react- 
ances contained in the tank would be most interesting. It is difficult 
to see how reactances to be of any use can be placed in a switch tank. 
What is the actual efficiency of the air transmission, viz. (energy 
obtained) — (energy putin). The figure of 95 per cent only refers tothe 
amount of air, and takes no accqunt of its temperature and pressure. 

Mr. Н. G. A. STEDMAN (communicated): In operating these four 
power stations in parallel, is any difficulty experienced in maintaining 
a fairly constant voltage on the outlying parts of the system—is some 
form of regulator used? What percentage variation of voltage is 
permitted? On page 19, and elsewhere, it is stated that the system may 
shortly be sectionalized : this is a most important point, and I should 
like to have some further information as to what is considered the 
maximum capacity of plant which can be run satisfactorily in parallel. 
With reference to protective devices, has it been found that the daily 
charging of the aluminium arresters recently installed (see page 13) 
causes high-pressure surges of sufficient magnitude to break down the 
insulation of adjacent apparatus? On page 28 it is stated that a 
temperature rise of 40? C. is allowed on transformers with an air 
temperature of 40? C. ; is this correct? Are oil-cooling plants installed 
at any of the stations? At pressures of 20,000 volts and upwards, are 
all the oil switches single-pole coupled ; or is it considered admissible 
to work with three-pole switches in one tank? Finally, I should like 
some information as to the extent to which electrical power is applied 
in metallurgical processes on the Rand. 
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DISCUSSION BEFORE THE SCOTTISH LOCAL SECTION ON 
ISTH APRIL, 1913. 


Mr. J. H. BuNTING: I am particularly interested in the author's 
reference to “load dispatching,” as I have seen this system in operation 
on a large scale in connection with a hydro-electric transmission in 
South America. It is very interesting to see the load dispatcher at 
work with his charts before him, showing the whole distribution system 
and the various interconnecting switches, etc. The dispatcher has 
complete control of the cable network, and nothing can be done on the 
line without first obtaining his sanction. 

Mr. S. Mavor: The portion of the paper that appeals particularly 
to me is that describing the compressed-air system. The generation 
and distribution of compressed air on so large a scale is a great piece 
of engineering, the problems presented being of an unprecedented 
kind. I was present at the tests in Berlin two or three years ago of 
some of the large steam-driven air compressors, and was impressed 
with the simplicity and compactness of these plants. The turbo air 
compressor has numbered the days of low-speed reciprocating air 
compressors of large size. The small loss in transmission is the most 
remarkable feature in the paper. The extreme distance between the 
mines supplied is about 14 miles, and the total length of piping is 
20 miles. It is stated that 95 per cent of the units generated (not 
volume delivered) by the compressors are recorded at the consumers’ 
meters, and that, of the 5 per cent lost, 3 per cent is lost in transmission, 
2 per cent thus being the amount unaccounted for. I should like to 
know how this division of the 5 per cent is determined ; the statement 
of energy lost in transmission does not appear to be consistent with the 
statement that the average loss of pressure in transmission is 6 lb. 
Taking the absolute pressure of delivery from the compressors as 
125 lb., a loss of 6 lb. in pressure is cquivalent to a loss of about 7 per 
cent of the energy contained in the air. To the loss of pressure due to 
friction in the pipes must be added the loss of volume (and therefore 
of energy) due to leakage, and the loss of volume due to fall of tem- 
perature, if any, between the compressors and the consumers (the use 
of expansion joints in the pipe lines presupposes variation of tempera- 
ture) The large size of the piping, the large volume of air trans- 
mitted, and the high power factor, are of course favourable to a low 
percentage of leakage loss. The method of metering the air is very 
interesting. I have had considerable experience of the use of the 
Venturi tube as a rate-of-flow indicator, and I have had many hundreds 
of careful observations made with it ; the results have been so entirely 
consistent with each other and with the available checking data that I 
have no hesitation in accepting the statements in the paper as to the 
high degree of accuracy attained, but I am the more anxious to have 
an explanation of the apparent inconsistencies to which I have referred. 
In regard to the pipe Joints, I should like to know how long it is antici- 
pated that the indiarubber rings will last. Rubber is not a permanent 
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material, and if the rubber loses its elasticity the joint will not remain 
tight. The joint illustrated provides for expansion, so that there must 
with varying temperature be a certain amount of relative movement 
between the spigot and the socket, and a certain amount of abrasion of 
the rubber, which will cause the latter to deteriorate. 

My experience has been that the low efficiency in the application of 
compressed air to mining is remarkable. In the course of my investi- 
gations I have not found a single colliery where the loss from leakage is 
less than 23 per cent of the total volume of air compressed, and this with 
an initial gauge pressure of only about до lb. At higher pressures the 
loss by leakage, other things being equal, is much greater ; at бо 1b., 
pressure losses of 30 to 40 per cent are not unusual. In a large 
Lancashire colliery, out of a total of 1,500 h.p. the leakage in volume 
alone was equivalent to between 400 and 500 h.p. My investigations 
relate to transmission and distribution of air underground, where special 
difficulties are encountered in respect of distortion of the pipe lines 
laid in roadways where the strata are in movement. In comparison 
with the existing conditions in collieries the claims made in the paper 
as to the efficiency of the transmission are startling. Can Mr. Hadley 
give any information as to the efficiency of the use of compressed air 
in the Rand mines after it passes the consumers’ meters? This paper 
illustrates the beneficial influence of the electrical engineer on any 
undertaking with which hc associates himself. Until recently there 
has been no satisfactory meter for metering large volumes of com- 
Pressed air, and in view of the very considerable scale on which 
compressed air is used in this country for mining operations it is not at 
all creditable to the compressed air engineers that they have been all 
this time without a satisfactory meter. The electrical engineer has 
insisted on knowing what he was doing, and in the absence of a satis- 
factory meter he set about producing one. The huge air-compressing 
plant on the Rand is used chiefly, if not entirely, for driving percussion 
drills. The rock drill requires a pressure of between 80 and тоо lb. 
Therein lies the chief reason for its low efficiency, because the 
cylinder is filled with high-pressure air at each stroke, and the air being 
exhausted at relatively high pressure. a: large’ propartion: of the total 
energy is rejected with it. The power. vequired to 5e developed in the 
turbo-compr essor for each drill in use is approximately 20 b.p., and the 
energy expended by the cutting of the bit 1s between t;and г} h.p., so 
that the efficiency of the cempressed-air 4:115 cnty abeut брег cent. 
À great reward awaits the producer of a satisfactory electric rock drill. 
The advent of such a drill would make a scrap hcap of the magnificent 
air-compressing plant described in the paper. 

Mr. W. L. SPENCE: The ejector system of induced cold air draught 
cannot possibly be mechanically efficient ; but owing to the apparently 
high cost of construction on the Rand and the good control of the 
dranght, the system is doubtless quite justified, as the chimneys become 
ttle more than funnels—cheap to buy and cheap to erect. The 
scheme of compressed air distribution over long distances looks very 
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heterodox to the electrical engineer, but if the efficiency claimed 
is really obtained the method is fully justified. Candidly, he does not 
credit the efficiency mentioned, and feels sure that there is some 
misunderstanding about it. He has little doubt that local automatically- 
controlled electrical-compressor stations would be the better pro- 
position. The meter difficulty is interesting. It looks as if the 
compressed air engineers have hitherto avoided meters for the reason 
that their showing would be so bad as to condemn the system. 
The Rand meter is exceedingly ingenious, but it seems too complicated 
and too empirical—reminding me of some of Lord Kelvin's early 
electricity meters. 

Mr. D. M. MacLEop : I should like more information with regard to 
the boiler-house arrangements. The system of boiler draught is by 
means of induced draught fans. The chimneys are shown to be go ft. 
high, so that the engineers cannot rely very much upon natural draught. 
They are therefore dependent almost entirely on the fans for the 
performance of the boilers. That arrangement cannot be commended 
for general adoption, as it is open to the objection that in certain cir- 
cumstances the fans may fail the power-house staff at a critical time. 
Although it is not specifically stated in the paper, it is inferred that the 
fans are driven by alternating-current motors. If this be so, it follows 
that in the event of the failure of some of the generating or auxiliary 
plant necessitating a sudden demand for steam, which the boilers were 
not capable of instantly meeting, the speed of the generators would fall, 
and the speed of all the motors on the system, including those driving 
the fans, would corresponding!y decrease, with the result that at the 
very moment when one would be particularly anxious to obtain addi- 
tional evaporation from the boilers, the draught would become 
restricted and the supply of electrical energy thereby seriously im- 
paired. Reference is made to the use of stand-by plant for excitation 
purposes, and it occurs to me that if the same arrangements were made 
applicable to the motors driving the fans it would overcome the objec- 
tion indicated. This of course implies the use of continuous-current 
motors, but with these I think the regulation of the draught could be 
rendered muth: itore*flexrble than rs possible with the torpedo-damper 
arrangement described..." Албет point to which I should like to refer 
is the balanced protectivc gear. On page ' то we are told that the pilot 
wires for operating thé System: are combined with the telephone circuits 
within a‘écmmioh* kead-tavered cabte’ suspended overhead. This 
arrangement seems to be tempting Providence. It seems quite clear 
that in the event of a failure of one of the series transformers in use 
with the balanced protective gear it is more than likely that the telephone 
conductors would become charged with extra-high tension energy, 
and the operator who happened to be using the telephone service at 
the moment would have a very strenuous time. In this country we 
have had a good deal of experience with suspended lead-covered 
cables, and it has been found that there is endless trouble due to vibra- 
tion causing cracking of the lead sheath. Of late this trouble has to a 
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certain extent been overcome, but time alone can tell whether the M 


remedy applied is a permanent solution of the difficulty. On the Clyde 
Valley Electrical Power Company's supply system bare overhead 
protective wires have been used with unqualified success. 

Mr. R. ROBERTSON: The cost of the power supply is given as 
o'525d. per unit. There is, however, no mention of the cost of coal 
delivered at the various generating stations. I should like to know the 
quality of the coal used, and whether washed coal is available on the 
Rand. Theauthor mentions a 74 per cent load factor. I take it this is 
over both the electrical and the compressed-air plant. Isa coal clause 
inserted in the contract price for current, and does the price alter with 
the price of coal at the stations? Does a failure of supply cover force 
majeure or the storms which are so prevalent? What are the com- 
parative losses per mile on an 80,000-volt distribution and a 10,000-volt 
distribution? The latter is more often used in this country. There is 
no mention of legislative or Board of Trade conditions as to carrying 
wires over roads, railways, and bridges. It would be interesting to 
know the power factor on the generating station. 


Mr. W. McWHIRTER : Protection from lightning is one of the big M 


problems the Victoria Falls Company have to solve. I am sorry that 
Mr. Hadley has not given us more details about this. Earthed guard 
wires serve as a great protection, but at the same time they do not 
protect the system against static discharges. A thunder-cloud passing 
over a line raises the line potential above that of the earth; and a 
discharge from one cloud to another or to earth brings about a condi- 
tion that no spark arrester can deal with. In one case I know of, the 
only remedy for the periodical breakdowns of the plant due to static 
discharges was a high resistance placed between the line and earth. 
It is very difficult to get an electric drill to meet the conditions 
required in rock drilling. With a solenoid the efficiency is very low 
and the drill heavy, and we do not get the power that can be obtained 
with an air compressor. There is a big opening for anybody who can 
supply a satisfactory electric drill to replace the existing drills. My 
experience with the Venturi meter has, like Mr. Mavor's, been very 
satisfactory, but the use of mercury makes the meter very messy. 
Mr. A. E. HADLEY (in reply) : On the subject of legislation I would 
mention that while at one time we expected to have some difficulties 
when we came to meet what was then the Transvaal Parliament, we 
found quite the reverse ; the authorities showed clearly that they werc 
anxious that legislation should not cause difficulties and endanger the 
investment of capital in South Africa, and a Power Act was passed 
which I consider is quite reasonable. The figures given in the paper 
for the efficiency and energy consumption at the different stages are 
not in any way selected for the purpose of showing record figures but 
were merely taken from the actual returns that had arrived at the time 
that I was writing this paper ; as a matter of fact they represent about 
the lowest results, as they were taken just at the end of the dry season 
when the rivers are low and the cooling water is hot. The figures 
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showing the difference between the number of units generated and the 
number of units sent out at Rosherville (say 6 per cent) has been com- 
mented on. The difference is accounted for by the energy consumed 
in the boiler-house fans, the coal-conveying plant, and the circulating 
pumps on the dam wall which were in use in October, 1912, it being 
the end of the dry season; electricity is also required for the staff 
residences. When the pumps are not in use this figure becomes about 
44 per cent. The figures given in the efficiency report are those 
obtained from the electrical plant and do not include the turbo-com- 
pressor units. The equivalent figures for the air plant expressed in air 
units as described in the paper are, however, very nearly identical and 
show a slightly lower efficiency, usually less than one-half of 1 per cent 
below the figures for the electric plant. 

With regard to the guard wires, these are all plain stranded steel 
wire, and the only barbed wire used is wound round the base of the 
masts to prevent cattle rubbing against them. The height of 24 ft. 6 in. 
adopted on the Vereeniging line is certainly high, but assists the 
security of transmission. The troubles encountered are not due to the 
actual height of loaded wagons but rather to the long lashes of 
the drivers' whips. Further security is also obtained against bare 
wires maliciously thrown at thelines. The height adopted has met with 
the approval of the Government. А factor of safety of five has been 
adopted for the transmission system, and all poles have to stand up to 
this on test. Tests have been made on the lines after erection in which 
all the wires on one side of the pole were broken simultaneously, and 
these experiments showed that no twisting or distortion took place. 
Regarding corona loss, I would confirm the surmise of one of the 
speakers that no trouble has been experienced. 

Some interesting remarks have been made on the subject of tower 
construction, said to be more or less standardized in the United States, 
though I have not been able to find any signs of masts being standard- 
ized there. Where there are two stations side by side quite different 
masts will be seen leaving them ; and my difficulty in America was to 
find a basis on which these masts were calculated or designed. No 
two seemed to me to be alike, but I saw most of them quite a short 
while ago, including the Central Colorado, to which system reference 
has been made, where of course great difficulties are encountered with 
ice and snow, and it was found that the mechanical trouble arising 
from the use of guard wire exceeded the troubles avoided by its adop- 
tion. The insulators have throughout been tested under a water 
spray. In practice no trouble has been traced to any deposit of sand 
or dust on the surface of the insulators, and no cases have been re- 
corded of insulators being broken by lightning actually striking the 
line, which is a very rare and unusual occurrence. The failures which 
have occurred have usually been due to the abrasion of the glaze, at the 
part where the clamp presses on the insulator, causing a failure of the 
insulator when a rise of voltage has taken place, and it has then been 
found that the insulator has not been vitrified throughout. Thistrouble 


has now been overcome by the use of a lead saddle between the clamp 
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апа the insulator, and by only using insulators which are vitrified 
throughout. 

The small figures on the diagrams on page 12 represent the width 
of the air-gap in millimetres, the word “ gal.” represents the English 
measure “ one gallon," and the figures on the different water resistance 
pots represent * ohms." 

To explain further the statement that 33 per cent of the disturb- 
ances have been found on each phase, I would mention that records 


have been taken of 2,172 arrested discharges, and that 744 occurred оп 


one phase, 718 on another, and 710 on the third. The neutrals of the 
various networks are earthed by means of transformers, usually of 
1,000 kw. capacity, and having the primary star wound and the 
secondary in mesh. In all cases a resistance is inserted in the neutral 
earth connection, 7 ohms being used on the 10,000-volt, 14 ohms on the 
20,000-volt, and 28 ohms on the 40,000-volt system. Since the neutrals 
were earthed a very marked diminution in the number of discharges on 
windy days has been observed. The most suitable number of horns 
depends somewhat on any conditions which control the available 
space, as the height to which the arc rises is reduced by additional 
gaps ; and while 3 horns were installed in the generating stations the 
opinion is growing that one of these could be safely dispensed with. 
The discharges are recorded by means of tell-tale papers wound 
spirally over about five inches, starting about half an inch above the 
narrowest portion of the gap. The records show that the number of 
disturbances which have proved serious has been very markedly less 
since the neutrals were earthed ; but they do not show that the earthing 
system is less valuable on short lines than on the long lines. 

With regard to the pipe line, we have no experience at all of sub- 
sidences, and I do not think we are very likely to on the reef. The 
latter is very different from a colliery district where subsidences are 
occurring practically all day long, and it has not been found necessary 
to use additional expansion Joints either on the pipe line or on the 
underground cables. The whole pipe system is drained with special 
drain boxes at special intervals, and the pipes are coated inside. The 
only objection to coated pipes is the risk of the coating being damaged 
during transport if the pipes are nested. 

Reference was made to the air meter, and attention was called to the 
cam, shown in Fig. 11, which transmits the motion of the float to the 
adding mechanism. This motion of the float is, as stated in the paper, 
proportional to the logarithm of the number of pounds of air passing at 
a given pressure and temperature, and the cam referred to in the dis- 
cussion is not an essential part of the device, and so was not referred 
to in the paper, its insertion being found a convenience for calibration. 

On the question of overhead versus underground mains, the cost and 
the reliability of the power supply to the consumer is the first considera- 
tion. Troubles from lightning are becoming less and less every year, 
and the high cost of power which would result from the adoption of 
underground cables would not lead to commercial success, Certainly 
the experience in Canada and America is not tending that way at all. 
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The most recent power companies, including the Mississippi Company, 
are working entirely with overhead lines, and they all seem very satisfied 
with them. Of course that does not apply to town work. 

Comment has been made as to the large size of the consumers' sub- 
stations, but I think sufficient consideration has not been given to the 
large amounts of power, frequently 5,000 kilowatts and upwards, which 
have to be dealt with in such a building. Further, the security of the 
supply and the safety of the officials call for ample space. Theaverage 
cost of the buildings works out at about ten shillings per kilowatt 
for the larger stations. The subject of ironclad switchgear hasreceived 
very close attention, and this type is being carefully tried on some of 
the smaller supplies. 

The consumption of electrical energy of each individual mine is 
taken monthly, and agreed to be the mean of the readings of three 
recording watt-hour meters connected in series, one being the property 
of the power company, the second belonging to the consumer, and 
the third owned jointly. Should the readings of the three differ by 
more than 3 per cent, each of the meters is at once calibrated at a 
standardizing laboratory installed for this purpose by the company. 

Reference has been made to what I consider, on the commercial 
side, one of the most interesting features, namely, the co-operative 
system between those who supply the power and those who consume it. 
In considering the basis price of 0:525d. per unit it is necessary to bear 
in mind the purchasing power of money in South Africa. When people 
have to pay 3d. for a morning paper and 3d. for a tram fare, and when 
an ordinary skilled man earns £1 a day, and freights come to about £2 
per kilowatt of plant, it is almost impossible usefully to compare prices 
with prices in this country. I believe the price of 0'525d. per unit is 
about as near as it could have been fixed to meet the desired conditions, 
namely, that the capital should be secure and remunerative, and that 
the power supply should be as cheap as possible. I would say that from 
my own point of view I should have liked to have seen the price 
perhaps 5 or 6 per cent higher for the next two vears, while construc- 
tion work is proceeding, and after that I think 0'525d. per unit is about 
right. The price is in the nature of a maximum charge, because every 
eight years a review is taken of the total cost of supplying power, and 
should the total cost fall below o:225d. per unit, excluding all capital 
costs and depreciation, the saving is shared between the company and 
the consumer ; and furthermore, at the end of every year a review is 
made, and, should there be a surplus, the profit left over, after providing 
for a fair remuneration on the capital and fair depreciation, is divided 
to the extent of a quarter amongst the consumers, a return of about бог 
6} per cent on capital being considered fair. There is also a provision 
that if the railway freights rise or fall the additional cost or saving is 
allowed for in a variation of prices. This is therefore an arrangement 
whereby prices can be fixed in advance for a long term of years—in 
this case generally 20 years—and which protects the consumer, and at 
the same time renders the capital as secure as possible. 
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Proceedings of the Five Hundred апа  Fifty- 
third Ordinary Meeting of the Institution of 
Electrical Engineers, held on Thursday, 
roth April, 1913—Mr. W. DvuppeLL, F.R.S, 
President, in the chair. 


The minutes of the Ordinary Meeting held on 13th March, 1913, 
were taken as read, and confirmed. 


The list of candidates for election and transfer approved by the 
Council for ballot was taken as read, and was ordered to be 
suspended in the Hall. 


Messrs. R. O. Kapp and E. V. Pannell were appointed scrutineers 
of the ballot for the election and transfer of members, and, at the end of 
the meeting, the result of the ballot was declared as follows :— 


ELECTIONS. 
As Members. 


Jose F. Martins-Guimaraes. | John Wayne-Morgan. 
Samuel Wilmott Newington. | Richard Oliver Wright. 


As Associale Members. 


Peter Brierley Addison. 
Arthur Joseph Bousfield. 
John Braby. 

Hubert Bridges. 

John Ragless Brookman. 
Stephen Delany. 
William Henry Duncan. 
Cecil Douglas Falcke. 
Ulick Aubrey Farrell. 
Joseph Firth. 


Hugh Vaughan Hart-Davis. 


Thomas Henry M. Harvey. 
Edward William Jackson. 
Thomas John Kendrew. 


Thomas Ewart Lewis. 

Daniel McKinlay. 

Stanley Clive Midwinter. 
Percy William Milne. 

Gerald Douglas Rogers. 
Hubert Weldon Schilbach. 
David Stewart Strang. 
Reginald Graham Tolley. 
Alphonse Christian Wampach. 


William Weekes. 


James White. 

William Egerton Wilde. 
Edward Williams. 

Cyril Rutherford M, Young. 


ELECTIONS. TRANSFERS. 


[10th April, 


ELECTIONS—coníinued. 


As Graduates. 


Henry Martindale Bamford, 
Thomas Hall Barr. 

Frank Steane Beamish. 
Edward Argent Belcher. 
Guy Luther Birch. 

Fred Farrar. 

William Lyall Gray. 
Francis G. Heymerdingner. 


William George Kimber. 
Frank Eustace Lewis. 
John Harvey McClay. 
Thomas Croker Roberts. 
Romesh Chandra Roy. 
Hector Tabossi. 

Henry Cobden Turner. 
George Verghese. 


Edmundo Wolf. 


As Students. 


Arthur Gerald Akehurst. 
Guy Matthey Burnand. 
Thomas Richard Evans. 
William Edward Gardner. 
Rupert Edward James. 


Leslie Bromley Maulson. 

John Douglas Ross. 

Peter Johnston Ryle. 
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Donations to the Library were announced as having been received 
since the last meeting from Messrs. Butterworth & Co., The 
Engineering Standards Committee, Messrs. Gauthier-Villars, Dr. R. T. 
Glazebrook, C.B., F.R.S., H. J. S. Heather, Liverpool Corporation 
Tramways, G. R. Peers, and G. Quincke, to whom the thanks of the 
meeting were duly accorded. 


A paper by Dr. E. Rosenberg, Member, entitled “ Self- 
Synchronizing Machines” (see page 62), was read and discussed, and 
the meeting adjourned at 9.50 p.m. 
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SELF-SYNCHRONIZING MACHINES. 


By DR. E. ROSENBERG, Member. 


(Paper first received. 29th January, and in final form 1oth March, 1913; read 
before THE INSTITUTION I0fh April, before the MANCHESTER LOCAL 
SECTION Ist April, and before the BIRMINGHAM LOCAL SECTION gth April 


1913.) 


SYNOPSIS. 


Scope of the Synchronous Motor. 
Self-starting Synchronous Motors. 
(a) Modified induction motor. 
(6) Salient pole motor. 
Pulling into Synchronism. 
(a) Field excited. 
(b) Field unexcited. 
Self-starting Rotary Converters. 
Self-synchronizing using Starting Motor. 
Voltage Distribution between Synchronous Machine and series-connected 
Starting Motor. | 


This paper was primarily intended to describe a new method of 
,Starting synchronous machines; but as self-starting synchronous 
machines may be somewhat unfamiliar to many engineers—although 
such machines date back far into the last century—it was thought 
advisable also to explain the known methods of starting, to illustrate 
their working by some test results, and to publish in this connection a 
short theoretical investigation on “ pulling into synchronism.” 


SCOPE OF THE SYNCHRONOUS MOTOR. 


Synchronous motors have two advantages over induction motors : 
(1) they do not require magnetizing current from the line ; (2) they 
can be designed, and practically mus! be designed, with a bigger air- 
gap than induction motors. 

Their peculiarity of running at an absolutely fixed speed for a 
given frequency is only in a few cases a real advantage, and more often 
a serious drawback. The necessity of continuous-current excitation, 
and of the proper adjustment of the same, complicates the machine, and 
however much the starting apparatus may have been improved, it is 
certainly more complicated than that of a slip-ring or squirrel-cage 
motor. 

The synchronous motor should therefore only be installed where it 
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gives distinct advantages, and only after careful consideration of the 
conditions. It is useless to improve the power factor of one, say 30 h.p., 
motor which only represents a fraction of 1 per cent of the station 
load, and which cannot materially affect the power factor of the system 
whether it runs at unity, leading, or lagging power factor. Of course it 
would improve the system if all small motors could be made to run at 
unity power factor, but it is quite wrong to install as a general proposi- 
tion a more costly machine, and to saddle every workman who starts a 
lathe or a pump with the obligation of looking after an exciter rheostat 
and a power-factor meter. It is far cheaper from the point of view of 
general economy to make the machines in the power station and the 
cables big enougli to carry the magnetizing current in addition to the 
watt current, and to let the power factor look after itself. If, however, 
opportunity arises of replacing large motors of bad power factor by 
synchronous motors, then it may be a decided gain and far outweigh 
the additional complication. 

Synchronous machines running over-excited without doing mechan- 
ical work have sometimes been used, and have more often been pro- 
posed, as ‘‘synchronous condensers” to take leading instead of lagging 
current from the line, and so to compensate for lagging currents 
produced by other apparatus. А much superior and more efficient 
method of using the synchronous motor is to make it do some useful 
work in addition to its beautifying function of improving the power 
factor. Suppose, for instance, we had a load of 1,000 kw. at 07707 power 
factor, i.e. a watt load of 1,000 kw. and a wattless current corresponding 
to 1000 k.v.a. If we want to improve the power factor to o8 
(1,250 k.v.a. at 0:8 power factor, or a watt load of 1,000 kw. and a watt- 
less component of 750 k.v.a.), we have to install a synchronous con- 
denser able to give 250 k.v.a. at a power factor of zero. Such a 
machine must be much more liberally proportioned in its magnetic 
System than an ordindry 250 k.v.a. machine, and it will have losses 
amounting approximately to 25 kw. "The addition of the synchronous 
condenser involves therefore a loss of fully 24 per cent of the total 
output of 1,000 kw., and it is not often that this 23 per cent can be 
fully recovered by the reduced losses in the cables and in the generator 
due to the reduction of the current. If, on the other hand, we could 
replace an existing induction motor of 250 kw. input, 0:707 power 
factor, bv a synchronous motor of 250 kw. running at unity power 
factor, we should at once reduce the wattless load to 750 k.v.a., 
and thus obtain a resulting load of 1,250 k.v.a. at o'8 power factor 
without any sacrifice of efficiency. A middle-sized or large synchro- 
nous motor running at unity power factor has, generally speaking, the 
same efficiency as an induction motor, and the synchronous motor for 
250 kw. and unity power factor is, for the same speed, a cheaper 
machine than the synchronous condenser for 250 k.v.a. and zero power 
factor. 

Even an induction motor with o'9 power factor may sometimes be 
replaced with advantage by a synchronous motor. We can get the 
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same power-factor correction for the system as before by running the 
motor over-excited with a power factor of approximately оо leading. 

If synchronous motors are started and brought up to speed by 
means of a starting motor and then synchronized, considerable skill is 
required for synchronizing. The experience and pluck of the switch- 
board attendant and the steadiness of the supply frequency and 
voltage make an enormous difference in the time required for synchron- 
izing. Synchronizing may take in plants of similar nature anything 
from one minute to a quarter of an hour, and even more. The syn- 
chronous motor could therefore not become popular so long as the 
synchronizing operation on the part of the switchboard attendant was 
required. 

If the synchronous motor is to be used on consumers' premises for 
doing useful work, it must be able to start easily and develop an appre- 
ciable starting torque. One of the most useful fields of application for 
the self-starting synchronous motor is for motor-generators. Here a 
comparatively small starting torque is required unless a heavy flywheel 
is coupled to the motor-generator. If, however, the synchronous motor 
has to drive a pump or compressor, even with unloading valve, the 
required starting torque is considerable. 


SELF-STARTING SYNCHRONOUS MOTORS. 


(a) Modified Induction Molor.—'The synchronous motor works as 
an induction motor during starting, and it can be used either as a 
slip-ring or as a squirrel-cage motor. For this purpose we can either 
make such changes in the induction motor as will enable it to run after 
starting as a synchronous motor, or we can take the synchronous 
motor and make such additions as will enable it to start as an induction 
motor. The ordinary wound rotor of an induction motor can be ex- 
cited, after full speed is reached, with continuous current. In order to 
obtain stability and overload capacity, however, it is essential to increase 
the air gap and get a ratio of magnetizing ampere-turns to armature 
ampere-turns somewhere in the neighbourhood of two, while with the 
ordinary induction motor the ratio is somewhere in the neighbourhood 
of one-third. Furthermore, if we take an ordinary wound rotor which 
gives, say, 500 volts between the slip-rings at the moment of starting, 
the continuous-current exciting voltage required after synchronizing 
will be very low. There is the alternative either to use for excitation a 
very small voltage and large current, or to allow an exceedingly high 
voltage during starting on the slip-rings and in the starting re- 
sistance. 

Wound rotors of this type can be arranged with two slip-rings and 
“single axis " winding, which, during the starting period, carries single- 
phase alternating current. But the machine can then only give a 
small starting torque, as the pull-out torque of a single-phase rotor at 
full speed is only a fraction of the full-load torque of the three-phase 
rotor. At half speed the motor runs with a greater pull-out torque, 
which is about half the pull-out torque of an ordinary three-phase 
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rotor at full speed. Such a motor, if loaded to any extent, will there- 
fore tend to come up to half speed and remain there. The addition of 
a third slip-ring is certainly justified with such motors, and it also has 
another distinct advantage for running as a synchronous motor. 


Main switch 


Stator 


Fic. 1.—Diagram of Connections for a Self-starting Synchronous Motor with 
Distributed Rotor Winding arranged in Three Phases. 


It is well known that a synchronous motor is liable to hunt if sup- 
plied with currents of certain periodic irregularities. These periodic 
irregularities may be produced by the cyclic irregularity of the prime 
movers. Very often it is quite impossible to know which prime 
movers may be called upon to supply current for the synchronous 
motor, and therefore it is an absolutely necessary precaution to supply 

Vor. 51. 5 
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the synchronous motor with dampers which, if sufficiently strong, 
prevent hunting even with considerable irregularities of the critical 
periodicity. A damper, to be effective, should be either a squirrel- 
cage or at least a two-phase closed winding. If we arrange a three- 
phase rotor in the manner shown in Fig. 1, we have a polyphase rotor 
winding used for continuous-current excitation, serving also as a three- 
phase damper. 

Fig. 1 shows a complete diagram of connections for a low-voltage 
motor. The stator is provided with a “ star-delta switch" to reduce the 
starting current, which otherwise would greatly exceed the full-load 
current Owing to the large air-gap. The rotor hasa three-phase winding ; 
and two of the slip-rings are connected direct to the terminals of the 
three-phase starter. The other slip-ring can be connected direct to the 
third terminal of the starter by pushing the lever of the “ field 
rheostat" to the position marked “starting position.” If the lever is 
on any of the other contacts, the exciter and the field rhcostat are 
inserted between the third slip-ring and starter. For running, the 
starter is short-circuited. The exciting current flows into the third 
phase and is split at the star point, the two other phases each carrying 
one-half of the current. It is not absolutely necessary to cut the 
exciter out during starting, especially if a large starting torque is not 
required. A moderate alternating current flowing through the exciter 
during the starting period does no harm. 

(b) Salient-pole Motors.—By far the more general and more advisable 
method for the design of a multipolar synchronous self-starting motor 
is to use the standard salient-pole magnet wheel with the standard field 
coils on each pole, and to provide in or near the surface of the pole- 
tips a squirrel cage for starting. With laminated pole-tips, slots are 
provided and bars of copper or some alloy inserted. Either the bars 
on all the poles are then connected through rings on both sides of the 
pole wheel, or only the bars belonging to each individual pole are con- 
nected by a copper or bronze collar going round the pole face. If 
solid pole-shoes are used, a special squirrel cage is not required, the 
solid pole-shoe in itself presenting a path for the currents induced 
from the stationary armature. 

Fig. 2 shows two 300-kw. frequency changers built by the British 
Westinghouse Electric and Manufacturing Company, Ltd., each con- 
sisting of a 14-pole motor for бо cycles coupled to a 6-pole generator 
for 257 cycles. The rotor of the 60-cycle motor (Fig. 3) has laminated 
poles fitted with a squirrel cage. The rotor of the 25°7-cycle generator 
has solid cast steel poles and no other damper. It is quite easy, as tests 
have shown, to start the set either from the бо- or the 25-cycle side. 

Such a machine can be started with the field coils open- or short- 
circuited. If the pole-shoes were laminated and no damper existed, 
the voltage of an open-circuited field winding, which is wound for, 
say, 100-voltage excitation, would be many thousand volts, even if the 
stator is only supplied for starting at a fraction of the normal voltage. 
The action of the dampers, however, reduces the open-circuited field 


Fic. 3.—Rotor of Self-starting Synchronous Motor. 
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voltage to a considerable extent. For instance, it was measured as 
870 volts between the slip-rings at the moment of starting when the 
stator of the 440-h.p. synchronous motor for 2,080 normal voltage was 
switched on to a starting voltage of 503. Without the squirrel cage the 
voltage of the field, calculated according to the ratio of the number of 
field turns to armature turns, would have been 4,200 volts. The field 
winding, as it were, is in the “magnetic shade," protected by the 
squirrel cage. 

Similarly the 6-pole 25°7-cycle machine of 375 k.v.a. at 550 volts, when 
started as a synchronous motor with 125 volts on the stator, showed a 
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Fic. 4.—Speed and Stator Current during the Starting Period ; Voltage at 
Stator Terminals approximately 25 per cent of Normal Voltage. 


voltage between slip-rings of 1,200 ; while if the solid pole-shoes had 
no protecting effect, the field voltage, according to the ratio of turns, 
would be 4,700 volts. Both fields are designed for an exciting voltage 
of 125. If desired, the voltage at start could of course be halved by 
arranging the excitation for 62 volts. 

A quicker start can be obtained with the field coils open-circuited 
than with the field coils short-circuited. The dotted lines in Fig. 4 
show the rapid rise in speed and the rapid decrease of the arma- 
ture current when the 60-cycle machine was started with the field coils 
open-circuited and a voltage of approximately 25 per cent on the 
stator terminals. The full lines show the starting with short-circuited 
field. The starting period is here nearly double the former value. 
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The disadvantage of the increased starting period will be readily 
accepted if the field coils are wound for high voltage, say 440 volts. In 
this case ten-fold normal voltage between slip-rings at the start would 
require special precautions. 

A voltage of 25 per cent was approximately the minimum which 
could be used for starting the set. Even then it was necessary to use 
hand barring at first to overcome the friction of the bearings which are 
not flushed with oil. With 30 or 35 per cent of the normal voltage no 
barring was required and the set started rapidly. 

With a motor-generator only bearing friction and windage of the 
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Fic. 5.—Speed, and Currents in Stator and Field Winding during the Starting 
Period ; Voltage on Stator Terminals approximately 23 per cent of 
Normal Voltage. 


two machines have, of course, to be overcome, and the moderate fly- 
wheel effects of the two machines to be accelerated. 

Fig. 5 shows the starting of the 25:7-cycle machine with cast steel 
poles on 23 per cent of normal voltage with the field coils short- 
circuited. In this figure also the current measured between the short- 
circuited slip-rings by means of a transformer and soft iron ammeter 
isshown. Naturally these measurements are the more unreliable the 
more the machine approaches synchronism, but nevertheless they show 
the nature of the changes in current. Just before slipping into syn- 
chronism violent oscillations could be seen on the ammeter in the field 
circuit; these are due to the heavy pulsations of speed immediately 
before synchronism, and to the nearly momentary reversal of the 
magnetism of each pole when one pole is slipped. These curves were 
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only obtained by watching ordinary indicating instruments and writing 
the observations down at intervals of two seconds. The record must 
therefore not be regarded as a true oscillograph record, and especially 
the pulsations before slipping into synchronism are only indicated and 
by no means truly represented in the curve. 

The armature ampere-turns measured in the field coils correspond 
to approximately 36 per cent of the total stator ampere-turns at the 
moment of starting. When the field circuit was open, the voltage 
across the slip-rings was 26 per cent of the voltage which would have 
been induced in the coils of a thoroughly laminated field without a 
squirrel cage. 

These tests are in good agreement with the conclusions arrived at 
ina paper on “ Self-starting Synchronous Motors” by Carl J. Fechheimer 
in the Proceedings of the American Institute of Electrical Engineers, April, 
1912. That paper contains a very complete investigation, theoretical 
as well as practical, and is considerably amplified by the discussion. 
It is well worth reading by anyone who wants to study the subject 
more closely. 

I should like here to consider one point which has not been fully 
dealt with in Fechheimer’s paper, that is, the pulling into synchronism. 
The starting of the motor itself can be understood fully by applying 
the rules for the starting of squirrel-cage motors. We know we can 
increase the starting torque by increasing the resistance of the squirrel 
cage and for a given stator voltage the torque is, within certain limits, 
proportional to the rotor resistance. The short-circuited field winding 
represents practically a second squirrel-cage winding, incomplete 
because it is a “single axis” (single-phase) winding, and because it 
is shaded to a great extent and only traversed by a part of the flux. 
Now this winding will reduce the starting torque in the same way 
as a reduction in the resistance of the main squirrel cage. It will 
also eause a reduction of the starting torque when passing through 
half synchronous speed (cf. Lamme’s contribution to the discussion 
on Fechheimer’s paper). On the other hand, the short-circuited field 
winding will, like another reduction of the squirrel-cage resistance, enable 
the machine ito approach nearer to synchronous speed as an induction 
motor ; that means it will decrease the slip of the machine as an 
induction motor. When we have reached this speed, the theory of 
the induction motor is no longer applicable. One thing only is cer- 
tain: the squirrel cage must bring up the rotor as an induction rotor 
to a certain speed near enough to synchronous speed to enable the 
synchronizing power of the machine to accelerate the rotor from this 
point to synchronous speed. 


PULLING INTO SYNCHRONISM. 


(a) Field Excited.—Let us assume a laminated rotor excited with 
continuous current and of the smooth cylindrical type with distributed 
winding. If the rotor was stationary, and the stator connected toa 
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polyphase supply of a given frequency, we should have during one- 
half of each complete cycle accelerating forces, and during the other 
half of each cycle retarding forces of approximately the same strength. 
If the rotor is running at a speed near synchronism, we may say that 
acceleration will take place if the vector of the E. M.F. induced in the 
stator windings by the rotor is lagging behind the vector of the voltage 
impressed on the stator terminals by the supply; retardation, if the 
induced E.M.F. is leading. 

If in Fig. 6 OA represents the vector of the supply, and O B the 
lagging vector of the rotor, the synchronizing power can be repre- 
sented as follows :— 

LE Io. sin a, 


where E represents the terminal voltage, and 2 1, the current which 
flows into the stator winding of the machine if the rotor vector is 
in direct opposition to the supply vector OA. This formula holds 
good on the assumption that the value of the apparent reactance is 
not dependent upon the position of the rotor, and that the circuit 
contains negligible resistance. 

The maximum value of the synchronizing power is given by— 


La: =E To, 


and the average value during the half-period of acceleration by— 
Law, =- Els. 
7 


If, for instance, a machine is so excited that it would take no wattless 
current when running at synchronism, and if the short-circuit current 
| corresponding to this excitation was 
equal to twice the full-load current, 
the maximum of the synchronizing 
power would be twice full-loatl out- 
put. For machines with salient poles 
it has been proved that for small 
angles the synchronizing power is 
greater than would correspond to 
thisformula. But foranapproximate 
calculation it will be sufficient to 
adopt this value. 

We shall now consider a machine 
without any load (even friction being 
excluded), its rotor coupled to a fly- 
wheel and brought by some outside 
motive power up to a speed (1 — s), 
I representing synchronous speed, 
and s, a small value, the “slip.” If the supply vector OA in Fig. 6 
is kept stationary, the rotor vector OB must be considered as 
rotating slowly counter-clockwise. The rotor was at first unexcited. 
If the excitation is put on, the synchronizing forces tend to reduce the 


Fic. 6.—Vector Diagram. 
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slip for all positions of the rotor on the half-circle A C D, and to increase 
the slip for all rotor positions on the half-circle D F A. 

We do not take into account at present any power the motor is able 
to give as an “induction motor” due to the existing slip. The effect of 
the synchronizing forces will be that instead of a constant slip, s, a 
varying slip is produced with the outside values 5 +s, The minimum 
slip, s — s,, will exist when the rotor vector has the position O D in direct 
opposition to the supply vector OA; the maximum slip, s + s,, when it 
is in coincidence with OA. "The average slip will not exactly occur at 
the points C and F. To ascertain the points of average speed, we have 
to divide into halves the work done by the accelerating forces during 
the half- period represented by the semicircle A C D, and the work done 
by the retarding forces in the semicircle РЕА. $ Laver. . ¢/2 will there- 
fore represent the work done, while the rotor slip is reduced from its 
normal to its minimum value, provided / designates the duration of one 
full-slip period. This work increases the rotor speed from a value (1 — s) 
to a value (1 — 5 + s,), and is converted into kinetic energy. 

If M is the mass of the flywheel, and v the linear speed of the radius 
of gyration at synchronous speed— 


M +9 (0—8) 


is the gain in stored energy. For small values of s and s, the above 
value is nearly equal to Mv*s,. The amplitude of the speed oscilla- 
tions which are superimposed on the average speed can now be cal- 
culated. If the periodicity of the supply be л, then the periodicity of 


the slip is я 5, and the duration of a slip period is / = = secs. 


Let us express the stored energy in metre-kilograms and the syn- 
chronizing power in watts; then we have the equation — 


un odisse ЕМ 
98 4 
cti Lwe =M. Sy 
98 4ns 


I I Тае, 
"98 4ns Mv" 


oe 5 


The smaller the average slip s, the greater will be the amplitude of the 
Superimposed speed oscillations. As long as the slip s is great, and the 
machine a long way from synchronism, the oscillations will be hardly 
perceptible. When, however, the machine runs at nearly synchronous 
speed it will be tossed about, and immediately before pulling into syn- 
chronism the slip will vary from nearly 2s to nearly zero. 

The limiting condition for pulling into synchronism is that the 
amplitude of the superimposed speed oscillation s, should be equal to 
the average slip s. That is— 

I I Laver 
98 4ns Mv 


the limiting value of s, = s = 
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The limit of the slip therefore which would just make it possible 
for the machine to come up to synchronous speed at the last moment 
before retardation sets in, is given by— 


Jj LE Laver. 
g8 gn’ М 
Assume, for instance, a rotor with a stored energy of 50,000 m.-kg., 


an average synchronizing power of 45 kw., and a periodicity of 50 per 
second, the limiting value of the slip would be :— 


1х1 x $9999 үг», 
9'8 200 100,000 


that is to say, 1°5 per cent slip. The machine must therefore be 
brought up to a speed such that the slip is not more than 1} per 
cent, in order to allow the machine to fall into synchronism after 
the excitation is switched on. 

The small mathematical investigation above makes it possible to 
calculate with some degree of certainty the condition under which 
a machine will pull into synchronism. In reality, of course, it is 
advisable to take a considerably lower value for the slip than the 
critical value calculated above, although I will not deny the theoretical 
possibility that the machine may pull into synchronism with a slip 
in excess of these figures. Approximately twice the above calculated 
value of the slip would be possible if the machine could be excited 
or switched on to the supply just at the moment when the rotor and 
supply vectors are in coincidence. Then the whole duration of half a 
slip period would be available for pulling into synchronism. 

Further, the retarding torque for a certain leading angle may be 
slightly less than the accelerating torque for the same lagging angle, 
and this would enable a machine, after coming up to a speed which the 
outside motive power can give, further to accelerate its speed slightly 
during each slip period until the critical value for the slip is reached. 

Our calculation was based on the assumption that the machine 
is not loaded at all. In this case it was theoretically sufficient to pull 
the rotor up just before it actually got into direct opposition to the 
supply. If, however, the machine is loaded, O B for instance repre- 
senting the normal lagging position of the synchronous rotor for the 
given load, we must pull up the rotor before it slips past the symmetrical 
position O B,. | 

It the machine is loaded and brought up to the speed (1 — s) by 
means of a squirrel cage on the rotor, the conditions for pulling into 
synchronism are similar. The machine is then developing at the average 
slip s a torque which is equal to the load torque. For the superimposed 
speed oscillations the squirrel cage will give us superimposed torques 
following the sine law, and having their positive and negative ampli- 
tudes at the same moment as the speed oscillations themselves. We 
know on the other hand that the speed oscillations reach their amplitude 
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when the oscillating forces which are their cause are passing through 
zero. We have here two kinds of oscillating forces : the synchronizing 
torque and the squirrel cage oscillating torque. The latter one must 
be represented in a diagram (Fig. 7) at right angles to the resultant 
of both oscillating forces. If O M represents the oscillating synchro- 
nizing torque, M N the oscillating torque of the squirrel cage, then 
O N, at right angles to M N, represents the resulting oscillating torque. 
If M N is small compared with O M, the difference in size between O M 
and ON will be very slight. M N (corresponding to the superimposed 
slip amplitude s,) naturally cannot exceed the load torque 
corresponding to the average slip s, and it is evident і 
that the load torque must be very much smaller than 
the maximum of the synchronizing torque. If MN 
was even 50 per cent of OM, ON would still be 87 
per cent of O M. 

The limit of the slip which still allows pulling into 
Synchronism is therefore nearly the same in a machine 
which under a certain load runs up on its own squirrel 
cage as in an unloaded machine with no squirrel cage 
which is brought up to the same slip by means of an 
outside motor. 

The points of maximum and minimum slip before 
the machine pulls into synchronism will, with a loaded Fic. 7.— Vector 
machine, be shifted against A and D (Fig. 6). Diagram. 

The limit of the starting torque for which a sélf- 
starting synchronous motor can be used is, as a rule, not the torque 
required for starting from rest, but the torque which can be overcome 
for pulling into synchronism. 

И we take an ordinary synchronous motor which could take, while 
running in synchronism, a maximum overload of three times normal, 
then the average torque during one half cycle of slips would be less 
than twice normal if the stator of the machine were connected to the 
full voltage and the rotor fully excited. It is seldom permissible, 
however, to start a large synchronous motor on full voltage, because 
the starting current (which is only limited by the leakage field of the 
stator and by the ohmic resistance) would often be equal to ro times 
the normal value. If the motor, by means of an auto-transformer, is 
started on half voltage to reduce the starting current taken from the 
line to approximately 2j times normal, and if the rotor is excited to 
à value corresponding to half voltage, the synchronizing power of the 
machine is reduced to a quarter of what it was before. 

The avcrage synchronizing power will therefore be less than half 
the normal power of the motor. A very small margin is therefore left 
if one would try, for instance, to start in such a way a pump which, 
tunning at full speed with the valve shut, takes 30 to 40 per cent of 
full-load torque. For that purpose more than 50 per cent starting 
voltage would have to be provided. 

(b) Field Unexcited.—1f a cylindrical rotor with distributed winding 


S 


о 
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is not excited, no synchronizing power occurs in any position of the 
rotor beyond a small hysteresis torque which is due to the fact that the 
maximum of the rotor magnetization lags by a constant small angle 
behind the maximum of the stator field. The hysteresis torque is 
practically constant for very wide variations of speed, as. shown already 
in Ewing's hysteresis apparatus. As the hysteresis torque is in 
ordinary machines very small, a machine with smooth cylindrical rotor 
does not pull into synchrónism without excitation. 

Machines with salient poles show a different behaviour. Also here 
the rotor field is produced by the stator, but due to the very high 
reluctance of the gaps between the salient poles the magnetic field in 
the rotor will be so tied to the pole pieces that the magnetic axis of 
each pole for the greater part of each half period will only move 
slightly to either side of the geometrical centre of the pole. For a 
great part of each slip period the machine therefore behaves nearly in 
the same way asa machine excited with continuous current, and will 
be able to draw, according to the position of the pole vector, 
synchronizing watt currents from the line. 

If the residual magnetism of the poles is small compared with the 
field created in the rotor by the stator, every pole will readily accept 
north or south magnetization, and therefore we have no opposition of 
rotor and line vectorsas in Fig. 6. The angles between line and rotor 
vectors do not vary between o and 180 degrees, but only between o and 
9o degrees. In other words, every slip period is here replaced by two. 
The rotor will, as it were, hang on to the stator field for a considerable 
time till it lags approximately half the length of one pole, then the lines 
of force snap and the rotor will slip into the field of the next stator 
pole and hang on to this. 

During the moment of snapping there is practically no rotor field to 
balance the voltage impressed on the stator. The stator must therefore 
at this moment create its field outside. At this moment the wattless 
current in the stator will thus be very high, and the leakage field of the 
stator will be so increased as to keep the impressed voltage balanced. 
If there is resistance or reactance in the machine circuit, this will at 
the moment reduce the terminal voltage. 

In a machine with field excited by continuous current a consider- 
able drop of the terminal voltage may be caused (due to resistance or 
reactance) for positions of the rotor vector making a large angle with 
the supply vector. If the rotor vector is in opposition to the 
supply vector the terminal voltage will be lowest. 


SELF-STARTING ROTARY CONVERTERS. 


Rotary converters are frequently started, like squirrel-cage motors, 
from low-voltage tappings on the transformers. In general, the pro- 
cedure is the same as that described for synchronous motors, but 
there are two or three aggravating conditions. There is a commutator 
with brushes always short-circuiting a certain part of the armature 
winding, and the field winding is not excited from an outside source, 
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but generally from the continuous-current brushes of the rotary con- 
verter. Commutating poles are frequently added, which fill part of 
the space between the main poles, their tips not being fitted with 
dampers like the tips of the main poles. 

The short-circuiting of one part of the armature winding will 
naturally reduce the torque for a given starting current, or will 
increase the starting current required for a given torque. It also 
causes sparking during the starting period. If we assume a distance 
of ten inches from brush arm to arm and a brush thickness of one inch 
—a ratio which from the point of view of commutation might be 
quite permissible—we would have practically one-tenth part of the 
pole arc of the armature winding short-circuited under the brushes. Їп 
a 600-volt continuous-current machine (425 volts diametrical alternating- 
current voltage) which is started with one-third to half of full voltage, 
windings with an E.M.F. of 14 to 21 volts alternating current would be 
short-circuited by the brushes if the voltage was evenly divided around 
the armature. In a machine without interpoles, the “short-circuited 
voltage" is lower, but in a machine with interpoles it will be even 
higher than the above-mentioned value. It is an alternating-current 
voltage of full frequency at first, and later on of reduced frequency. 
Designers of alternating-current commutator motors know that even 
with a considerably lower voltage than 15 to 20 volts under the brushes , 
it is necessary to use resistance leads in order to prevent violent 
sparking at the brushes, and that the brushes are generally reduced in 
thickness as much as possible in order to reduce the voltage under the 
brushes to a far lower value. Naturally, also, the brushes of rotary 
converters which are started inthis way are very liable to spark, and 
it is necessary to reduce the ratio between the brush thickness and 
the distance of the brush arms to a considerably lower value than would 
be required to obtain. good commutation when working with con- 
tinuous current on the commutator. The most violent sparking occurs 
as a rule when approaching synchronism. The armature then tries 
to hang on first to one pole until it comes to the fringe of the field, 
and then jumps in a jerk to the other pole. This jerk means mag- 
netically that one pole, which up to then was excited from the 
armature in one direction, is suddenly reversed. The coils which are 
short-circuited through the brushes are traversed by the whole 
magnetic flux flowing from one pole to another, and the sudden 
reversal causes a heavy E.M.F. in the short-circuited winding, as the 
E.M.F. is proportional to the momentary change in flux (differential 
value of flux/time). 

It is not permissible to fit dampers on the tips of the commutat- 
ing poles as is done on the main poles. When working in regular 
service with continuous current, the commutating pole should vary its 
flux as quickly as possible with the changes in the line current to pro- 
vide the proper commutating field for every momentary value of the 
armature current. If a damper were fitted to the pole-tip this would 
prevent sudden changes of the flux, and would make the commutating 
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pole sluggish, and the machine would therefore have a tendency to 
flash-over with sudden changes of load. We have now during the 
starting period a certain current flowing through all turns of the arma- 
ture winding. Under the main poles the magnetizing action of the 
armature current is counteracted by the opposed induced currents in 
the damper. Under the commutating poles there is no damper and no 
counteraction. The field density under the commutating pole would 
therefore be far greater than the field density under the main poles. 
An induction motor with complete squirrel-cage secondary shows no ten- 
dency to run at half speed. A single axis secondary winding, however, 
shows a distinct tendency. A secondary winding which is only con- 
fined to a distinct part of each pole arc, and allows a strong field 
to be established in other parts of the pole arc of the secondary, 
will have the same influence. The machine, running at half speed, 
will induce in the secondary a half-frequency oscillating field, which, 
replaced by two opposed rotating fields of half frequency, explains the 
possibility of the speed remaining stationary at half the synchronous 
value, or the distinct reduction of the torque at this speed. 

In order to prevent this it is necessary to provide during starting a 
damping winding on the commutating poles, and this is achieved in the 
simplest way by short-circuiting the commutating pole winding during 
starting and opening the short-circuit before switching the machine on 
to the continuous-current mains. 

А rotary converter started from low voltage tappings requires con- 
siderably more than full-load armature current, even if barring gear is 
provided to take care of the initial starting friction, or if ball bearings 
are used. For the line this may represent only part of the full-load 
current, due to the reduction in the transformer ; but in the converter 
it will generally cause the extinction of the residual magnetism of the 
poles, and when the machine locks into synchronism it may show either 
the right or wrong polarity. Therefore pole-changing devices are 
always provided for rotary converters started in this way, which, if the 
wrong polarity is obtained, give an opportunity of making the machine 
slip one pole and obtain the proper polarity. 

The sparking on the brushes is as a rule the more objectionable 
the higher the output and the frequency of the converter, and it would 
of course be more objectionable with higher voltages if brushes of the 
same thickness were used as with lower voltage. If the sparking is 
not too violent, and if the converter is only rarely started, say once a 
week, or once a day, the polish of the commutator and brushes, which 
is spoilt to a certain degree during starting, will again be established 
during ordinary working with continuous current, and therefore this 
method has been adopted by many makers as standard for certain sizes. 
For large sizes, however, either outside synchronizing devices are 
adhered to, starting being effected either from the continuous-current 
side or by means of a starting motor, or brush-lifting devices are 
introduced to overcome the sparking. As а rule only one positive and 
one negative brush are left on the commutator so as to enable the 
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operator to recognize the polarity to which the machine excites 
itself, and to change it by pole-slipping if necessary. 

A brush-lifting device used with multipolar machines with many 
brushes per arm represents a great mechanical complication. 


SELF-SYNCHRONIZING USING A STARTING MOTOR. 


А new method introduced by the author allows self-synchronizing 
of the rotary converter with small armature current, prevents sparking 
on the brushes, and prevents the reversal of the field of the rotary 
converter. A starting motor is connected in series with the slip-rings 
ofthe rotary converter. Asa starting motor, an ordinary squirrel-cage 
polyphase motor is nearly always used, but the explanation of the 
method is perhaps simplest by assuming a single-phase rotary con- 
verter and a single-phase commutator motor for starting (as in Fig. 8). 
There are no starting tappings on the main transformer. One low- 
voltage terminal, B, of the transformer is connected direct to one slip- 
ring, B, of the rotary converter, while the other terminal, A, has a 
straight connection through a single-pole main switch, and another 
connection if the main switch is open through the single-phase starting 
motor. А small switch is shown in series with the single-phase motor, 
but is not essential. 

If the high-tension switch of the transformer and the switch of the 
starting motor are closed, the main low-tension switch being open, the 
current will flow through the starting motor into the rotary converter. 
The starting motor limits the current to a fraction of the full-load 
curent of the converter. The converter armature represents very 
little impedance. Assuming, for instance, that for full-load cur- 
rent in the converter the voltage across the slip-rings would be 20 per 
cent of the normal, then, if the starting motor is designed so as 
only to allow 30 per cent of full-load current to pass through the 
converter, the voltage on the slip-rings will be reduced to 6 per cent of 
full-load voltage. The starting motor takes practically the full voltage 
of the transformer terminals, and as with a properly designed rotor this 
current of 30 per cent can produce a very good torque which is far in 
excess of the starting friction, it will, without any barring, start and 
bring the converter up to speed very quickly. A current of this value - 
i as experience has shown, not sufficient to destroy the residual 
magnetism of the rotary converter. The field circuit of the con- 
verter remains connected across the continuous-current brushes, and 
the rheostat is preferably put into such a position as to reduce the 
userted resistance slightly below the value required for normal no-load 
excitation, as is done for instance with ordinary continuous-current 
&unt-wound machines in order to allow quick excitation. As soon as 
t approaches synchronism, the machine will therefore readily excite 
telf like any other continuous-current machine. This gives on the 
sip-rings an alternating current of a frequency which at first is slightly 
different from the transformer frequency. 

Assuming that the converter has excited itself tu full voltage, then 
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immediately before slipping into synchronism the voltage on the 
starting motor will vary from zero to double slip-ring voltage, and as 
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Fic. 8.—Diagram of Connections of Self-synchronizing Single-phase 
Rotary Converter with Starting Motor. 


the current flowing through the starting motor has, of course, some 
influence on the converter, the continuous-current voltmeter will 
show violent fluctuations. Immediately the converter has slipped into 
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synchronism, this voltmeter will be steady ; the voltage can then be 
adjusted, and the main single-pole switch which short-circuits the 
starting motor can be closed. The converter would be in synchronism 
before the switch was closed, and being excited to full voltage the 
closing of the switch causes neither a heavy rush of current nor 
any sparking at the commutator. 

Across the main low-tension switch an indicating lamp can be fitted 
as shown in Fig. 8. This lamp will flicker before synchronism is 
reached, and will be dark after the converter has slipped into syn- 
chronism. Attendants who are used to the old method of synchron- 
izing become more easily accustomed to the new method if they see 
the working of the indicating lamp. In general, however, the con- 
tinuous-current voltmeter gives full indication of synchronism. 

It is quite easy to understand that, with a starting current as 
mentioned, no reversal of the field polarity takes place; while with 
"self-starting" rotary converters this occurs frequently. 

А moderately saturated continuous- or alternating-current machine 
will show, unexcited, a voltage, due to residual magnetism, of approxi- 
mately 1 to 2 per cent of full voltage. The field can be considered as 
the seat of a magneto-motive force nearly equal to 1 or 2 per cent of 
the field ampere-turns which are required to send the full voltage flux 
through the field, air-gap, and armature. 

If we impress on the slip-rings of a self-starting rotary converter an 
alternating-current voltage equal to 33 or 50 per cent of full voltage, we 
create a flux of 33 or 5o per cent and excite the machine from the 
armature with a number of ampere-turns slightly less than 33 or 50 per 
cent of the normal field ampere-turns. About nine-tenths of this 
magneto-motive force will be absorbed in the air-gap and the iron 
of the armature. One-tenth of it, viz. about 3 to 5 per cent of the 
normal field ampere-turns, 1s consumed in the field iron. The coercive 
force of the field is smaller, viz. 1 to 2 per cent, and therefore 
the magnetism of each pole will be reversed every time the converter 
“slips a pole.” If, on the other hand, a series-connected starting motor 
limits the voltage impressed on the converter slip-rings to 6 per cent, the 
magneto-motive force impressed on the field is only about $ per cent 
of the normal field ampere-turns, and is not able to reverse the residual 
magnetism, which represents nearly 1 to 2 per cent. 

Fig. 9 shows the self-synchronizing arrangement for a three-phase 
rotary converter in series with a three-phase squirrel-cage motor. No 
indicating lamp is here shown. Fig. 10 shows the connections for a 
six-phase rotary converter. 

By using a slip-ring motor the starting current could be kept even 
lower than 30 per cent; and the impedance of the starting motor 
could be reduced, when the converter is in synchronism, by short- 
circuiting the rotor of the starting motor. The simple squirrel-cage 
rotor, however, is preferred in most cases. 

In Figs. 8, 9, and 10 a single-pole field switch with discharge resist- 
ance is used. It is possible to keep the field switch open during 
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starting, which will allow the converter to approach synchronism in an 
even shorter time than with a closed field switch. When the converter 
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Fic. 9. —Diagram of Connections of Self-synchronizing Three-phase 
Rotary Converter with Starting Motor. 


passes through synchronism, one can observe on the continuous-current 
voltmeter, which is shown in Figs. 9 and ro as a central-zero voltmeter, 
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one oscillation from a small positive to a small negative value, or vice 
versa, for every slipping of one pole. By putting this field switch in 
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Fic. 10.—Diagram of Connections of Self-synchronizing Six-phase 
Rotary Converter with Starting Motor. 


at the moment of proper voltage indication, the machine will build up 
immediately to full voltage, and remain in synchronism. 
With starting motors, allowing approximately 30 per cent of full- 
Vor. 51. 
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load current, starting and synchronizing are completed in less than 
one minute, and the rush of current on short-circuiting the starting 
motor does not exceed the starting current, that is, 30 per cent of 
full load. | 

Various tests with 5o-cycle converters of 200 to 1,000 kw. gave as the 
time necessary for. starting and synchronizing 30 to бо seconds, the 
current not exceeding at any moment of the starting period one-third of 
the full-load current. By connecting the windings of the starting motor 
in a different way, and allowing a starting current of 50 to 60 per cent, it 
was possible to start in 15 to 20 seconds. Sucha current, however, may 
destroy the residual magnetism, and therefore it is necessary in such 
cases to use the field switch shown in Figs. 8-10, and to close it at the 
moment when the polarity of the unexcited machine is such as to ensure 
building up in the right direction. 

It will be evident that there is no tendency for sparking during the 
starting period if a very low alternating voltage, such.as 6 per cent of 
the normal, is impressed on the slip-rings. Let the commutator brushes 
short-circuit ro per cent of this voltage. This means with a 600-volt 
converter an alternating voltage of o'6 x 4'2==2°5 volts; that will not 
cause sparking. Although with the field circuit closed the field strength 
is considerable before slipping into synchronism, there is only a small 
alternating field superimposed upon the field of constant direction, and 
this small reversing field is of course quite harmless. 

The series connection of starting motor and synchronous machine 
can, of course, also be used for synchronous motors. 

For high-tension synchronous motors, a low-tension starting motor 
presents advantages. For this purpose an indirect series connection by 
means of a series transformer can be used (Fig. 11). The primary 
windings of the transformer are connected across the lower switch 
shown in Fig. тї; the secondary winding is connected to the starting 
motor. For starting, the lower switch is open, and the upper switch 
closed. After the machine has pulled into synchronism, the lower 
switch is closed, thereby short-circuiting the primary windings of the 
transformer. No current will then flow either through the transformer 
or the starting motor, although the primary windings of the transformer 
remain alive. 

Such a “self-synchronizing” series arrangement may appear con- 
siderably more complicated than the “ self-starting" of the high-tension 
motor itself as a squirrel-cage motor by means of an auto-transformer 
This, however, is hardly the case. The auto-transformer required for 
self-starting is of nearly the same size as the transformer for the start- 
ing motor in the self-synchronizing method of Fig. 11. With the self- 
starting method we also have voltage surges in the end turns of the 
windings of the synchronous motor when we switch over to the full 
voltage. Momentary rushes of current also occur here, first in switch- 
ing on to the low voltage, and more particularly in switching over to the 
full voltage. These rushes are a very serious drawback, and cause 
sudden movements of the winding, which may have a detrimental 
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effect on the life of the insulation. If precautions were taken to avoid 
these jerks, either by resistances or multi-step switches, the addition of 
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Fic. 11.—Diagram of Connections of Self-synchronizing High-tension 
Three-phase Motor with Starting Motor. 


the necessary apparatus would make the gear more complicated than 
the gear of Fig. 11. 
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In the arrangement of Fig. 11, when starting, the voltage surges 
are taken up by the transformer and not by the motor windings. The 
transformer windings are far better suited for this function. Before 
short-circuiting the starting transformer, the motor has already full 
voltage on its terminals. No voltage surge should therefore occur at 
the moment of short-circuiting. The current rushes at the moment 
of switching in and at the moment of short-circuiting the starting 
transformer are only a fraction of full-load current. It therefore 
seems justifiable to use this method of starting for synchronous motors, 
although it was primarily designed for use with rotary converters. 
It is easy to provide in connection with the starting transformer a few 
turns which remain permanently in circuit and protect the motor 
winding against voltage surges occurring during normal work. 

In a self-starting synchronous machine, the induction principle 
brings the machine up nearly to synchronous speed, and the syn- 
chronizing action does the rest. Also with the self-synchronizing 
method it is possible to do this and to use the same number of 
poles on the starting motor as on the synchronous motor. The 
starting motor would then have finished its work by starting the set 
up to a speed slightly below synchronous spced, and would leave the 
synchronous machine to do the rest to raise the speed to synchronism. 
There is no objection, however, to using on the direct-coupled starting 
motor a smaller number of poles than on the main motor. The starting 
motor then brings the set up to full speed much more quickly, and if 
the exciting circuit is closed, with the proper resistance, the synchro- 
nizing action of the machine will prevent the starting motor from 
running through the synchronous speed. If the excitation circuit 
is not closed, the starting motor will run up to a higher speed, but 
a later closing of the exciting circuit will soon reduce the speed and 
cause synchronizing. It is of very little importance to design the 
rotor of the starting motor for any exact slip, as a very wide margin 
is allowed. 

If a rotary converter is fitted with an alternating-current booster, 
it is possible to provide the booster with a separate starting wind- 
ing consisting of many turns of comparatively thin wire, and, lead- 
ing these to separate slip-rings or terminals, use the booster like a 
squirrel-cage starting motor with the same number of poles as the 
rotary converter. This method can be used in special cases. In 
general it will not be advisable because the starting winding with 
many turns would give comparatively high voltage during running, 
and the breaking up of the starting winding to prevent higher 
voltage during running would generally be only permissible in the 
case of stationary armatures. 


VoLTAGE DISTRIBUTION BETWEEN SYNCHRONOUS MACHINE AND 
SERIES-CONNECTED STARTING MOTOR. 
It is of great theoretical interest to consider the voltage distribution 
between starting motor and synchronous machine before the starting 
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motor windings have been short-circuited, but after the machine has 
locked into synchronism. It is permissible to vary the excitation of 
the synchronous machine up or down to a very great extent without 
bringing the machine out of step. The starting motor, if arranged 
with fewer poles than the synchronous machine, works with a slip 
fixed by the synchronous machine, and therefore is forced to give 
a mechanical output entirely dependent, and within certain limits 
proportional to, the square of its terminal voltage. The phase angle 
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Fic. 12.— Variation of Current, Voltage Distribution, and Input, with 
Change of Rotary Converter Excitation. 


between voltage and current in each phase of the starting motor is, 
with the fixed slip, nearly constant within certain limits of the 
impressed voltage. The starting motor has here also the function of 
an impedance coil (reactance coil with appreciable ohmic resistance) 
inserted between the supply and the synchronous machine. A change 
in the excitation of the synchronous machine will change the voltages 
of both the synchronous machine and of the starting motor. 

The input necessary to defray the total losses and the mechanical 
work done by the set can be divided up, according to the excitation of 
the synchronous machine, in different ways between the starting motor 
and the synchronous machine. We can impress such a small voltage 
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. on the starting motor that it contributes very little to the total torque 
of the set, and so that practically all the torque is developed by the 
synchronous machine. We can, on the other hand, by under- or over- 
exciting the rotary converter, impress a high voltage on the starting 
motor. Thus the starting motor does nearly all the work. If the starting 
motor is amply dimensioned, it is even possible to make it do more work 
than is required for driving the set at no load. Then the synchronous 
machine works asa generator or brake preventing the set from running 
above synchronism. 

This is very clearly illustrated in Fig. 12, giving the test results 
of a 1,000-kw. 12-pole rotary converter for 500 volts (C.C.) coupled to a 
ten-pole starting motor. The converter is a six-phase machine, connected 
according to Fig. 10. The voltages were measured for one of the 
three distinct phases of the supply, and also across one phase of the 
starting motor and across the converter slip-rings connected to elec- 
trically diametrical points of the converter armature. 

For this test the stator coils of the starting motor were grouped in 
a special way so as to give a very high torque, and it was possible to 
change the excitation of the rotary converter between such wide limits 
(from 9'5 to г'9 amperes, the normal no-load excitation being approxi- 
mately 6°3 amperes) that during the last few tests the wattmeter across 
the starting motor showed actually more input than the wattmeter 
across the supply, and the rotary converter wattmeter actually re- 
versed, showing that the converter really acted as a generator. It 
must be mentioned that with very low excitations the instruments were 
not steady, but the machine still remained in step. Only by reducing 
the field current below r:9 amperes did the starting motor pull the 
converter above synchronism. 

Fig. 13 showsthe vector diagram of the supply, converter, and starting 
motor voltages for different excitations. The consequent readings with 
ever-decreasing excitation are marked т, 2, . . . 8 in Figs. 12 and 13. 
Reading т was taken with 9:5 amperes excitation. 

In Fig. 13 OA represents the vector of the supply voltage, OI the 
voltage of the rotary converter, I A the voltage on the starting motor 
for reading No. r. For readings 1 to 5 the vector of the converter is 
lagging behind the supply. For readings 6 to 8 the converter vector is 
leading. If the starting motor were a mere choke coil, the current 
through the system would be nearly at right angles to the vectors 1 A, 
2 А, etc., and 6, 7, 8 would represent positions where the converter acts 
as a generator. Here, however, the angle between current and starting 
motor voltage is much smaller than 9o degrees, and the converter is 
not acting as a generator in positions 6 and 7, but only in position 8. 

As mentioned above, to achieve these tests the stator winding of the 
starting motor was specially arranged, and the converter could be started 
and synchronized in a small fraction of a minute. The starting current 
with this arrangement amounted to approximately 450 amperes, or 45 
per cent of the normal converter current. After re-connecting the wind- 
ings to the normal position the starting current was approximately 
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one-half of this amount, and synchronizing could be achieved in just 
under one minute. With the proper connections no attempt was 
made to reverse the wattmeter reading on the rotary converter, but 
іп that case also the field current could be varied between 8:25 and 2'5 
amperes without throwing the converter out of step. 

The rush of current at the moment of short-circuiting the starting 
motor is smallest when the rotary converter is excited to a slightly 
lower voltage than the line voltage. However, even with the rotary con- 
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verter excited to the full-line voltage, the rush of current is lower than 
the starting current if the starting motor is dimensioned for approxi- 
mately 30 per cent starting current and has the proper rotor resistance. 
Great latitude is possible in either direction without causing too great a 
rush of current, without causing any visible sparking on the brushes at 
the moment of short-circuit, and without affecting the line voltage. If 
the converter is excited to full voltage, or slightly over-excited, the line 
voltage even bas at the moment of short-circuiting the starting motor a 
tendency to rise slightly and not to drop, which can be quite clearly 
observed if the generator or transformer supplying the current has a 
poor regulation, 
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The tests here described, and many other similar tests, were largely 
carried out on the synchronous motors by Mr. R. Townend, and on the 
rotary converters with starting motors by Mr. F. C. Aldous and Mr. 
S. G. Nottage, and by Messrs. Nicholson, Embleton, and Thomasson. 
My best thanks are due to these gentlemen, and also to Messrs. Bate- 
mann, Townend, and Nottage for their help in preparing the diagrams. 


DISCUSSION. 
Mr. R. OnsETTICH: The author's statements with regard to the 
possibilities and limitations of starting synchronous motors witha given 
current from the line are very valuable, as during the last two or three 


' years synchronous machines have come to the front, and I have seen in 


print some very stringent requirements in connection with such 
machines. As an instance, a few months ago a specification was issued 
for a motor to drive a compressor, and called for a synchronous motor 
which should not take more than twice the full-load current when 
starting with full voltage across its terminals. If this requirement is 
compared with the statements in the paper, it will be found that there 
is a large discrepancy, and I have no doubt whatever that this is 
due to the wrong opinion which exists on this matter. If, for instance, 
the results obtained in starting a synchronous machine of the non- 
salient-pole type are compared, it will be seen that it is necessary to use 
a star-delta switch to reduce the voltage, and that even then there is a 
danger of the motor pulling up at half-speed unless a three-phase wound 
rotor is used. Again, it said that the salient-pole synchronous machine 
fitted with a squirrel-cage winding requires the voltage to be reduced 
to 25 per cent for a 50-cycle machine, and that even then it takes twice 
the full-load current on starting. The 25-cycle machine, when started 
with one-third of the voltage, takes three times the full-load current. 
That shows that synchronous machines are not comparable in any way 
with ordinary induction motors as regards the current they take at 
starting. With this enormous rush of current a certain degree of care 
is necessary, and a considerable amount of switchgear must be provided 
to reduce the voltage to the low pressure required. Oneofthe reasons 
why I also think that this type of machine has not such a great future as 
the induction motor, is because both motor-generators and pumps— 
which, as the author mentioned, offer the main fields for these 
machines—are nowadays made to run at very high speeds, speeds 
which make it very undesirable to use the type of squirrel cage illus- 
trated by the author. This type of winding seems to have a very 
considerable overhang, and is only suitable for a machine having a 
large number of poles and running at low speeds. There would be 
difficulties in erection and in taking the different poles off the machine 
for inspection, as the rings at the two ends are not split. It seems 
to me that these points explain why the self-starting synchronous 
machines have not become more popular, and also why rotary con- 
densers are still adopted. There is another reason, viz. that they are 
independent of the speed of any other portion of the plant; the 
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machines can be run at the highest speed, say 3,000 revs. per minute, 
and there is nothing to worry about. The starting of these rotary con- 
densers is done very simply by switching them in series with one of the 
generators and bringing them up with it. A rotary condenser need 
not be fitted with heavy dampers, because the oscillations to which it 
may be exposed will not affect anything else. 

With regard to rotary converters, the first point I should like to raise 
is why of the four or five methods which are available for starting rotary 
converters only two have really been mentioned. The methods are 
either the alternating-current method, viz. starting up from the alternat- 
ing-current side by means of tappings and a change-over switch, or the 
continuous-current method of starting, which is widely adopted when- 
ever there is a supply of continuous current available at all times, In 
some cases a combined method is used ; and then, lastly, there is the 
method of starting by an independent motor. I think this last method, 
which is perhaps the most widely adopted in this country, should have 
been discussed in parallel with the author's method, because it most 
resembles that method, and it is rather strange that this method should 
have been entirely omitted. The alternating-current method of 
starting, viz. the switching of the armature of the rotary converter on 
to the transformer, or part of the transformer, is discarded by the author 
because itis not easy to handle. I do not entirely agree with that. I 
have installed a number of rotary converters starting in that way, and 
I have not found any difficulty. The method is used very extensively 
in America, and is, I believe, practically the standard method of the 
General Electric Company of America. With regard to raising the 
brushes, I do not think this offers any particular difficulty. It is a 
mechanical device, like a brush carrier, and with a certain amount of 
ingenuity can be developed and standardized. As a matter of fact, it is 
standardized by the same company for all rotary converters fitted with 
commutating poles. The simplicity of the alternating-current method 
of starting is its most attractive feature. The machine is switched on, 
and if it does not come up to the correct polarity, the field switch is 
pulled out so as to “ slip a pole,” as it is called, after which the machine 
builds up in the usual way. As the whole of the adjustment is prac- 
tically done in a few seconds, I have no doubt whatever that this 
method can compare most favourably with the method explained by 
the author, and also as regards the time taken, as I think there should 
not be the slightest difficulty in starting up a 5o0-kw. rotary converter 
of the ordinary size within the 60 seconds mentioned. With regard to 
the skill necessary in operating rotary converters of this kind, they do 
not require any more or less skill than any other methods. When using 
an independent motor the operation is also quite as simple, and the 
paralleling can be done on the continuous-current side, and the syn- 
chronizing afterwards on the alternating-current side. I do not think 
that those who are accustomed to paralleling machines every day can 
for a moment have any difficulty whatever in finding the right instant 
lor switching. With a short training (which is required with any 
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method) the operation of rotary converters in this way can be done by 
unskilled labour. In connection with the use of the motor in series, as 
adopted by the author, I should like to know what happens if the motor 
becomes defective. If that should happen when the motor is entirely 
independent it does not matter at all, as the machine can be started up 
on the alternating-current side. But this is not usually possible with 
the motor in series, because there is no synchronizing gear on the 
alternating-current side, and the switching is not arranged for changing 
over from the lower to the higher voltage. To overcome this objection 
it would be necessary to fit synchronizing gear on the alternating-current 
side, but the system would not become less complicated than the 
ordinary method with an independent motor. Another point which 
tends to complicate matters, and one not mentioned in the paper, is 
that if the phases of the transformer are joined to a neutral point, and 
this neutral point is earthed, in order to connect to the neutral wire in 
the 3-wire continuous-current supply, as is customary in the case of most 
public supplies, then another switch will be required. I do not know 
if in that case the system with the motor in series will not be 
much more complicated than an ordinary system in which a separate 
motor is used. 

Mr. A. H. SEABROOK: I do not propose to criticize this paper 
from a technical standpoint. From an operating point of view, 
however, I think the method of automatic synchronizing applied 
to rotary converters alone, apart from its numerous applications 
to synchronous motors, is most valuable. I have always believed 
in the advisability of concentrating the skilled labour required : 
in electricity supply undertakings as far as possible at the gene- 
rating station, and that all sub-stations, whether under the control 
of the supply authority or on the consumer's premises, should be 
operated with as rough a class of labour as the machines will permit. 
In the past I have adopted the method of starting rotary converters 
from the alternating-current side by means of tappings from the trans- 
formers. No doubt, as Dr. Rosenberg says, there are the difficulties 
of line disturbances and brush nuisances, and the trouble due to 
the machine coming up, in nine cases out of ten, to the wrong 
polarity, and requiring change-over switches. I have never seen any 
of these new machines, but I believe there аге some in operation ; and, 
to illustrate the sublime confidence one has in British manufacturers, 
we have recently ordered four r,ooo-kw. sets of this construction, 
together with the power-factor corrector described by Professor 
Miles Walker a few weeks ago.* The trouble is that the manufac- 
turers do not reciprocate our confidence in them, and directly an order 
is placed we get an impossible collection of general conditions of 
contract to sign. 

Professor MILES WALKER: The principal feature in the paper is the 
new method of starting rotary converters ; I will therefore speak about 
that first. Some years ago I was talking to the engineer of a very 

* Fournal of the Institution of Electrical Engineers, vol. 50, p. 329, 1913. 
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large power 'station who had a great number of converters under his 
control, and I asked him what his general opinion about them was. 
He said he was perfectly satisfied with their efficiency and their 
operation under normal conditions, but the one argument in his 
opinion against the rotary converter was that if anything went wrong 
with the power station so that there was a general shut-down, it took 
along time to get all the rotary converters synchronized again. It 
seemed a pity that such a useful machine should have this drawback. 
It has therefore been necessary for engineers concerned with rotary 
converters to remedy this defect ; and after various advances, step by 
step, Dr. Rosenberg has succeeded, so that we now have a method of 
starting which is just as quick and just as easy as the method of starting 
an induction motor. As a result we may now say that in the rotary 
converter we have not only the most efficient machine, the machine 
best in commutation and best for correction of power factor, . the 
machine least in cost, the smallest in floor-space, and the most free from 
breakdown, but we have also a machine that is as easily started as any 
other type of converting plant. The use of rotary converters in the future 
will be very great indeed. Some years ago I made an estimate of the 
amount of continuous-current power generated by means of continuous- 
current generators and rotary converters, and at that time the rotary 
converter supplied at least 60 per cent of the whole, but I think that 
in a few years time we shall find that more than 9o per cent of the 
continuous-current power generated in the world will be supplied 
through rotary converters. There seems to be little demand for con- 
tinuous-current generators for large traction schemes. An alternator 
combined with rotary converters will be mainly used in the future. It 
is therefore of very great importance that there shall be some simple 
reliable method of starting these machines. As the paper we have had 
to-night describes such a method, it is of very great importance indeed. 
Let us see what the essentials of a good system of starting are. It 
must be possible to run up a rotary converter in a short time ; it must 
be run up without making too big a demand on the alternating-current 
supply ; it must be run up with a certain polarity ; and it must be syn- 
Chronized easily even under adverse conditions. The method which 
Dr. Rosenberg describes meets all these conditions, and it will be 
the method very largely employed for large rotary converters. I do 
not quite agree with some of Dr. Rosenberg's remarks. I think 
tat he has not given the synchronous motor quite as good a 
character as he might have done. If we take the point raised on 
page 64, where Dr. Rosenberg states : “ Іп order to obtain stability and 
overload capacity, however, it is essential to increase the air-gap and 
get a ratio of magnetizing ampere-turns to armature ampere-turns 
Smewhere in the neighbourhood of two, while with the ordinary induc- 
tia motor the ratio is somewhere in the neighbourhood of one-third ; " 
this, though literally true, gives the reader the impression that the size 
of the winding on the machine in order to supply this magnetizing 
Сштепї must necessarily be very much greater on the synchronous 
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machine than it is on the induction motor. Now, it must be remem- 
bered that, when a synchronous motor is running, the field winding 
takes the place of therotor winding of an induction motor which carries 
the working current. In the induction motor the rotor carries the 
working current, and the stator both the working and the magnetizing 
currents, the working current being, say, three times the magnetizing 
current. In the synchronous motor it is necessary to have on the field 
magnet bands of current that are equal and opposite to the bands of 
working current in the stator, and in addition something extra to act as 
magnetizing current. In some experiments made about 18 months ago 
upon induction motors excited with continuous current it was found 
that to get perfectly stable running it was sufficient to make the 
current bands in the rotor 50 per cent greater than those in the stator. 
If the ampere-wires in the rotor were much less than this, hunting was 
experienced. 

The curves relating to the starting of synchronous motors are of very 
great interest, because what engineers require more than anything 
else is to know things quantitatively. It is not sufficient to know that 
a synchronous motor is capable of giving a leading current ; we want 
to know in each case how much. Similarly it is not sufficient to know 
that a motor can be made self-starting when it is provided with barsin 
the pole face ; we want to know how much current it draws from the 
line, and how long it takes to start. These curves are therefore of 
great value. What Dr. Rosenberg says about the use of induction 
motors instead of synchronous motors is quite right from the indi- 
vidualistic point of view, particularly in these days when there is plenty 
of wattless current to be had for nothing. If a man has to install an 
alternating-current motor in his mill and pays only a certain price per 
unit for true power, he is quite right to choose an induction motor ; 
but from the idealist's point of view it is wrong. If we look forward 
to the time when there will be a great extension in the use of electric 
power, when electric energy will be supplied over very long lines, and 
when the capital cost of the line will be very much larger than that of 
the plant, then we must not look at the matter from the point of view 
of a particular consumer, but from a general point of view. We 
should ask ourselves whether we shall run at unity power factor ог 
supply a magnetizing current for the motors from the power station. 
I am convinced that we shall have practically unity-power-factor 
current in the future. Let us not be satisfied that we have r,ooo-h.p. 
motors which will run at unity power factor, but let us see what can 
be done with small motors, and thus get all machines to run at a high 
power factor if possible. I believe the time will come when nobody 
will be allowed to install a low-power-factor motor except by paying 
extra for the current taken. When we remember that the synchronous 
motor may be run at unity power factor, and can therefore be built 
with less copper in its armature than an induction motor, we see that 
the comparison between the two machines is not greatly in favour of 
the induction motor. Now, this paper is very helpful towards this end. 
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It tells us just what the synchronous motor will do. "There is no over. 
statement of fact, and I believe that in the future, when we reach the 
desirable state of using 20 times more electricity than we do at present, 
and when we are working at unity power factor, we shall look back to 
this paper as one which has greatly helped us to reach this desirable 
state of affairs. 

In addition to the useful data on the starting of synchronous 
machines, the author has given the theory of pulling into synchronism. 
I have not seen this subject treated elsewhere, and, although briefly 
dealt with, it is of great interest. I have one adverse criticism, however, 
to make—the clock diagram is not sufficiently explanatory. I think 
there should be an Act of Parliament to prevent any one from using a 
clock diagram unless he first of all makes a circuit diagram showing the 
direction taken as positive along the circuit. If a clock diagram is to 
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be of real service to usin telling us someth ng that we did not previously 
know, we must be able to read from it the sign (plus or minus) of 
the quantities about which we wish to know. Now, we can only do 
this by having very strict rules as to the direction in which each vector is 
drawn, the direction depending upon the direction of the current or 
electromotive force in the circuit we are considering. If we draw a 
single vector without strict regard to our rules as to sign, then the value 
of the final answer given by the diagram is lost. For instance, in con- 
sidering the behaviour of a synchronous motor we might draw a circuit 
diagram as shown in Fig. A, attaching the arrow-head to indicate the 
way taken as positive around the circuit. Then every vector in the 
dock diagram has a definite meaning. A current vector which is 
above the horizontal base line represents a current flowing around the 
drcuit in a positive direction. We are thus enabled to say definitely 
whether the effect of any current and electromotive force will be to 
produce a forward or a backward torque. Thus in Fig. B, if O A isthe 
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E.M.F. of the supply network, O B gives the E.M.F. generated by the 
revolving magnet, O R the resultant E.M.F., and OC the lagging cur- 
rent. The convention as to sign is absolutely necessary to tell us that 
in the position shown the motor is acting asa generator and giving 
power to the circuit. The matter becomes of importance when con- 
sidering, among other things, the change in the exciting current ; the 
latter is always varying during the swing. It is not possible to reach 
any conclusions concerning such effects unless we are free from doubt 
in regard to signs. Dr. Rosenberg is not to blame for the rather 
curious notation he has employed, because the International Electro- 
technical Commission have neglected their duty in failing to supply 
symbols and leaving every writer to take whatever symbols he desires. 
In the future we shall still have this difficulty. Everybody who writes 
on the subject will use a different set of symbols and have different 
letters referring to the various quantities. 

Mr. F. WHITAKER : With reference to starting rotary converters 
from the alternating-current side, there are now three principal 
methods available : tap starting, induction-motor starting, and induc- 
tion-motor starting with self-synchronizing, as described in the paper. 

Tap Starting: The author seems to leave little or no field for 
this method, that is, by switching the rotary converter on to the supply 
at a reduced voltage, and when the converter has attained synchronism 
switching it on to the.full supply voltage. However, starting by taps 
is inexpensive, simple, and reliable, and providing it can be accom- 
plished without handicapping running conditions, it is very desirable. 
It is best suited to machines of 500-kw. capacity and lower, and 
especially to 25-cycle converters. There is no doubt that rotary 
converters of this capacity with commutating poles and ordinary 
bearings, without a brush-raising device or flushing pumps, can be 
started by taps without serious sparking, and certainly without damage 
to the commutator or brush gear, and without prejudicing the running 
conditions or the first cost. The starting current from the line need 
not exceed 40 per cent of the full-load current, which compares very 
favourably with other methods of starting. There is no doubt that 
the voltage across the brushes must be kept down far below the 
figures given by the author if satisfactory starting is to be obtained ; 
however, the brush width mentioned in the paper is considerably 
larger than would be found on rotary converters of normal design, 
even when started with induction motors. Also the conditions of 
starting and running can be materially improved by increasing the 
reluctance of the path along the axis of the commutating pole, that 
is, by making the conditions on the commutating-pole converter as nearly 
as possible those corresponding to a machine without commutating 
poles, except of course that the ampere-turns on the commutating 
pole should produce the desired strength of field for correct com- 
mutation. As a typical instance of perfect starting obtairied by this 
method, I have in mind a 250-kw. commutating-pole split-pole rotary 
converter built for running as a compound-wound machine on a 
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traction supply at 500/580 volts and as a shunt machine on a lighting 
supply at 480/520 volts. These machines started with certainty on 
one-sixth of normal voltage with approximately тоо per cent of the 
full-load current at the slip-rings, which would be equivalent to less 
than 20 per cent of full-load current on the high-tension side of the 
transformer. They were constructed with ordinary bearings and 
without barring gear. There was absolutely no sparking at the com- 
mutator when starting at any voltage between 16 per cent and 40 per 
cent of the supply voltage. The machines would carry 300 kw. 
continuously with до deg. C. rise in temperature. The process of 
reversing the polarity consisted in reversing the field switch for a 
few seconds and then closing it in the correct direction. Further, 
there is no need to reverse the field switch if it is closed at the 
correct time just as the machine is coming into synchronism, as the 
machine will then always build up with the correct polarity in exactly 
the same way as described by the author when using induction-motor 
starting with self-synchronizing. 

Induction-Motor Starting: This method has almost been 
standardized in England for starting all converters above 500-kw. 
capacity, and for smaller sizes where the particular ratings were not 
suitable for tap starting. By far the greater number of installations 
with induction-motor starting have included motors with squirrel-cage 
rotors, and by specially designing these machines the starting current 
can be kept down below 30 per cent of full-load current. The motor 
is provided with one pair less poles than the rotary converter, and 
the latter can be reduced to synchronous speed by increasing the 
feld current and loading the induction motor with the loss іп the 
converter. On account of the gradual increase in the field current of 
the rotary converter this provides a very perfect method of syn- 
chronizing ; personally I have never seen an installation where the 
converter could not be synchronized quickly and without risk of 
flash-over. Since the introduction of reliable synchronoscopes the 
liability of damage to converters due to faulty synchronizing has 
been almost entirely removed. 

Induction Motor with Self-synchronizing: The method described 
by Dr. Rosenberg may find favour in cases where unskilled labour 
is utilized to operate rotary converter sub-stations. With this method 
of starting it is possible to use an induction motor with the same 
number of poles or with a pair of poles less than the number on the 
converter. With reference to the case of the induction motor with the 
same number of poles as the converter, with a squirrel-cage winding 
designed for the best starting conditions the slip would be considerable, 
and also if the starting motor were designed to take 30 per cent of the 
fnll-load current at starting the synchronizing torque of the converter 
would be small, and therefore the conditions of pulling into synchron- 
ism with such a combination would be poor. It would seem, therefore, 
that a larger starting motor and also increased starting current would 
be required, or it would be necessary to install a slip-ring type of 
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motor, which is undesirable. An equipment with the induction motor 
containing two less poles than the rotary converter seems to be 
best suited to this method of self-synchronizing. The motor can then 
be designed for the best starting conditions ; it can run above syn- 
chronism and can be brought down to synchronous speed by adjusting 
the field of the converter to a definite value, when the self-synchronizing 
will take place. With this combination there should be no need to 
consider a slip-ring type of induction motor, as such sets can easily be 
made to start with зо per cent of full-load current. 

The series of curves on page 85 are exceedingly interesting, 
and .particularly so to me, as I took a similar set on practically an 
identical converter manufactured by the British Thomson-Houston 
Company before this paper was published. The rotary converter was 
а 1,000-kw., 500 rev. per minute, 500/550 volts, so-cycle, 6-phase, com- 
mutating-pole machine, started by means of a 1o-pole induction motor. 
The starting current was under 30 per cent of the full-load current. 
The current at the moment of short-circuiting the induction motor was 
rather greater than this—approximately 40 per cent of the full-load 
current. I would mention that the magnetizing current of this motor 
was smaller than that of the set tested by the author. The approximate 
field current at which the converter pulled into step was 8 amperes. 
Coincidence of phase between the converter and the supply was 
reached with 5'4 amperes in the field. Equality of voltage between 
the converter and the supply was obtained with ro amperes in the field. 
The minimum line current was 27 amperes. After the converter was in 
synchronism, and before the induction motor was short-circuited, the 
field was varied between 4 and 10 amperes, 4 amperes being the con- 
dition when the whole of the resistance was inserted. The short- 
circuiting switch was actually closed on all values of the field between 
4 and 9 amperes. It will be seen from Fig. 13 that after the converter 
has locked into synchronism, and before the short-circuiting switch is 
closed, if the field current is varied the voltage of the converter 
changes materially. This means that when the induction motor is 
short-circuited, if the voltage of the converter differs from the supply 
voltage, a wattless current will be drawn from the line and will force 
the converter to the supply voltage. It will also be seen that there is a 
setting of the field which gives coincidence of phase between the 
converter and the supply, so that if the induction motor is short- 
circuited with this particular field setting there will be no synchronizing 
or energy current at the instant of closing the switch; but if the 
field current is varied so the converter is out of phase with the supply, 
there will be a synchronizing or energy current just as the switch 
short-circuits the induction motor. It will be seen that coincidence of 
phase and equality of voltage cannot be obtained with the same setting, 
although by correct designing they can be brought near enough to- 
gether so that the momentary rush of current at the instant of closing 
the switch will not exceed the starting current. From the tests I have 
taken the current rush is usually a minimum if the induction motor is 
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short-circuited when the converter is in phase with the supply. Under M 


this condition the converter voltage is considerably lower than the 
supply voltage. The current rush at the time of closing the switch is 
practically wattless, and there is not the slightest sign of sparking at 
the commutator at the instant of short-circuiting the induction motor. 
As the field current is increased the voltage of the converter is 
brought up more nearly equal to the supply voltage, but the phase of 
the converter is displaced with respect to the supply voltage. If the 
induction motor is short-circuited under this condition, the current 
rush is a synchronizing or energy current, and produces a magneto- 
motive force on the commutating pole axis; and if the strengthening 
of the field is carried too far, there is likely to be serious sparking at 
the brushes at the instant of short-circuiting the induction motor, as 
the conditions in this cas? are similar to synchronizing a rotary con- 
verter out of phase. On sets which I have designed, the current rush 
does not materially increase as the field is strengthened, but of course 
the phase of the current changes frorn a wattless to a synchronizing or 
energy current as the field current is increased. 

The author's explanation as to why the polarity of induction- 
motor self-synchronizing equipments designed for small starting 
currents does not reverse seems to me to be incomplete. The first 
part of the fourth paragraph on page 79 refers to tap-started rotary 
converters, and apparently to the condition just as the machine is 
pulling into synchronism, as this is the period at which the polarity 
of such sets is determined, although there is no doubt that the polarity 
of such converters is reversed every cycle practically from the start, 
because the armature current is generally not less than the full-load 
current at the instant of closing the switch. To determine why 
the polarity is not reversed on induction-motor self-synchronizing 
equipments with small starting currents, I took some tests on a 500-kw. 
set. The residual flux was 2 per cent of the normal. Current at 
50 cycles was applied to the slip-rings, and the percentage of the 
normal full-load flux which was found to be oscillating in the pole 
behind the bridges was measured. With 20 per cent starting current 
there was 0°35 per cent, with 34 per cent starting current there was 
ово per cent, with бо per cent starting current there was 1°5 per cent, 
and with roo per cent starting current 2:8 per cent. It will be seen 
from these figures that by the time the starting current reaches 60 per 
cent the polarity is in danger of being reversed. The explanation 
seems to be as follows :— 

With a definite starting current flowing in the armature a certain flux 
Б produced, and also a magneto-motive force is produced by the current 
in the bridges which opposes the magneto-motive force produced by 
the armature current. Most of the flux produced can be described as 
local reactance flux, and does not pass through the main field system 
because of the bridges, and also because of the solid poles if these are 
wed. The main field magnets may be looked upon as a magnetic path 
in parallel with the leakage path of the local or reactance flux. Under 
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this condition the flux will not be reversed in the main field until the 
magneto-motive force from the back of one bridge through the pole 
and half the yoke between the poles, is increased above the coercive 
force of the field. It is necessary to consider the field system as a 
magnetic path in parallel with the leakage path, for if it is considered as 
a path in series without any parallel leakage path, obviously the 
magneto-motive force corresponding to 33 per cent of the field 
ampere-turns could reverse a magneto-motive force corresponding to 
2 per cent, as, taking the author’s figures, nine-tenths of the magneto- 
motive force would not be absorbed in the air-gap until the flux was 
actually passing through the air-gap and had been reversed. As soon 
as the machine has started to revolve a continuous voltage is generated 
at the brushes, and by the time the frequency of the armature currents 
with respect to the main poles has diminished to a value such that they 
are capable of completely reversing the field system, the continuous 
voltage across the brushes has increased, and has excited the field 
magnets in the correct direction, so preventing the reversal by the 
armature currents. 

Mr. H. W. BoswoRTH : Although, as the author points out, a self- 
starting, self-synchronizing motor has been a possibility for some 
years, it is noteworthy that very few English firms have devoted much 
attention to the subject. As the firm with which I am connected has, 
for the last seven years, been developing a special design on these 
lines, and has made a considerable number of machines, up to about 
1,000 h.p., of the self-starting type, some comments based on the ex- 
perience so gained may be of interest. From pages 64 to 69 of the 
paper I gather that Dr. Rosenberg considers the two most satisfactory 
machines are a machine of the induction-motor type with a three- 
phase wound rotor, and—preferably—a machine of the alternator type, 
with either a squirrel-cage winding or with damper coils on the poles, 
or with merely solid pole shoes. The experience gained by my firm 
leads to an opinion directly and definitely opposed to both of these 
conclusions. With regard to the question of squirrel-cage starting, if 
one has a synchronous motor with a squirrel-cage winding one is in an 
even worse position, with regard to starting, than with an ordinary 
squirrel-cage motor. If the resistance is made high, to give a large 
starting torque, it is sometimes found that the machines will not go 
into synchronism, especially if driving a machine that requires a large 
torque when running near its synchronous speed. In this connection 
I hear that one of our Canadian representatives recently witnessed an 
attempt to start a compressor by means of a squirrel-cage motor with 
salient poles. On the first start the makers failed to get the machine 
to go into synchronism. This caused the squirrel-cage winding to 
heat a little, and on the second start they managed worse than on the 
first. They went on trying until they had made some ten to fifteen 
efforts, by which time the rotor was so hot and the resistance had 
increased till it was quite impossible to get the machine to synchronize, 
and it had to be left until it cooled down. For all these machines we 
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consider that a cylindrical rotor with a distributed winding gives the M 


best results. We find that the continuous iron circuit is an advantage, 
and also, as referred to by Mr. Orsettich, the demand for high-speed 
machines makes it distinctly advisable to have a cylindrical rotor. 
We have machines of this type running up to 3,000 revs. per minute, 
which is considerably higher than most people would care to run with 
salient poles and a squirrel-cage winding. With regard to the wound- 
rotor {уре of machine, the author prefers a three-phase winding. 
This winding will certainly give a better starting torque than the 
single-phase winding ; but with a suitably designed machine it is 
possible with a single-phase winding to start up an air compressor, a 
high-lift centrifugal pump, a turbine blower, or a centrifugal fan, and 
only in the most exceptional cases has it been found necessary to 
utilize a three-phase winding on the rotor ; and as the single-phase 
winding is simpler, naturally it is considered an advantage. Then with 
regard to the diagram of connections which is shown, I notice that the 
exciter armature is permanently connected to one winding of the 
rotor, and this means that that armature at starting will be subjected 
tor a time to a voltage that may be exceedingly high, and I consider 
it better practice to separate the exciter armature entirely until the 
machine is practically up to speed. Оп the diagram an auto-trans- 
former starter is shown to reduce the voltage applied to the stator. 
It is true that if the machine is designed to run at unity power factor 
it will necessitate such an air-gap that there will be an excessive 
current if full voltage is switched on. In nine cases out of ten these 
machines, at any rate where used for industrial purposes, are required 
for over-excitation for power factor correction, and if the machine is 
designed for running with a leading power factor of 0:8 the air-gap 
can be decreased sufficiently to allow full voltage to be switched on to 
the stator without the current exceeding the normal full load of the 
machine. In this connection the specification referred to by 
Mr. Orsettich would present no difficulties to the makers of this 
design of machine, as far as complying with the condition that the full- 
load current is not to be exceeded. If, as is usually the case, the 
machine is designed for а low leading power factor, say 07 down to 
even 02 ог 03, the starting current could be reduced still lower, so 
that, as far as the ordinary machine is concerned, there appears to be 
no need for the complications of the auto-transformer starter. These 
bgures for starting currents refer to machines with an overload 
capacity of at least 100 per cent before coming out of step, and for an 
&dinary machine driving a pump or fan this is an ample margin, 
especially when it is remembered that this capacity can be increased 
f necessary by increasing the excitation, and that in the case of a drop 
isthe supply voltage the overload torque is only reduced in proportion 
t the voltage, and not as the square of the voltage, which would be 
the case with the ordinary induction motor. The general result that I 
Wish to convey is that I consider it is not practicable to get the best 
геш either by the utilization of a standard type of induction motor 
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or by the utilization of an ordinary type of alternator ; and it appears 
to me that possibly the machine as designed by the author is not 
capable of giving such good results as if he had developed a. more 
special design, although it has, of course,the advantage of using standard 
patterns. Although compelled to differ from the author on a number 
of points, I am at any rate in agreement with him in thinking that the 
subject and the possibilities of these motors have been very much 
overlooked by station engineers. There must be a large number of 
cases in which the generating plant has reached its current-carrying 
capacity limit, or in which feeders are loaded to the limit, where it 
would be an actual economy, both in power and in capital cost, to take 
out existing induction motors and install self-starting synchronous 
machines. I know of one case of a private supply in a works where 
the mains were fully loaded, and where a 300-h.p. self-starting machine 
was installed arranged for running over-excited to give a leading 
power factor of about o'5. In that case it was found that this machine 
could develop its full load while the current taken from the generating 
station was no larger than when the machine was disconnected, the 
increase being merely in the amount of power required. 

Dr. S. P. SMITH: We should have been very thankful on many 
occasions if the information in this paper had been available in the 
designing offices where I have been. "The first part of the paper is, I 
think, by far the most useful. It appears that at first Dr. Rosenberg 
only intended to describe the new method, but later decided to include 
the additional matter, which to me is really the most important of the 
whole paper. I should like to ask whether the squirrel-cage winding 
which the author uses for starting would be suitable as a damper. To 
be useful for starting with & low current the winding must naturally 
have a fairly high resistance, and for that reason it might not be very 
effective as a damper. I should like to ask whether the machine shown 
in Fig. 5 would start with the field open-circuited. The curves the 
author has given are for the field short-circuited, and the effect of the 
field winding might be important. Has he tried to run the machine 
up with the field winding open ? 

With regard to the new method suggested for starting, I am afraid 
I cannot quite follow his explanation of the advantages. I do not see 
how he gets rid of the trouble usually experienced with the ordinary 
squirrel-cage starting arrangement, namely, surging. With the 
arrangement Dr. Rosenberg suggests it seems to me that these pulsa- 
tions will still occur, and the only way to avoid them—and they. may 
be very dangerous with synchronous machines running on the mains— 
is to synchronize properly, that is, to have a separate starting motor 
and to synchronize when the machine is exactly instep. Idonot know 
what the size of the author's motor will be ; if he has saved something 
here there might probably be an advantage, but it seems to me that, if 
anything, he needs rather more kilovolt-amperes for starting. If he 
could have been certain of the polarity, that would have been a great 
point in his favour ; but unless he keeps the voltage very low he is not 
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quite certain, and he may have to reverse the field afterall. In starting Dr. Smith. 
rotary converters it is found that if the field switch is closed the con- 
verter will come up to speed more slowly than if the switch is left open. 
With the field switch closed, however, I believe the chances are that 
the machine will come into phase with the right polarity. I do not 
know whether it has been a mere caincidence in my experience, but I 
have found that running up with the field switch closed has nearly 
always given the right polarity. If the author wishes to do away with 
the synchronizing devices, it would be simpler to run up the machine 
with a starting motor (which would not disturb the line) electrically 
independent of the converter—an ordinary pony motor with the same 
number of poles as the converter—the machine will then come up to 
within a few per cent of the proper speed, when, by switching on the 
converter, as Dr. Rosenberg has explained, the machine would pull in. 
There might be small, but not bad, surges or sparking at that speed, 
and in any case I do not think it would be any worse than the arrange- 
ment that Dr. Rosenberg suggests. Thus, where synchronizing devices 
are objectionable, it might be possible to use the ordinary starting 
motor with as many poles as the converter for running the set up to 
speed, and then gradually switch the pressure on to the converter and 
let it pull in. 

Mr. W. E. BURNAND: The particular arrangement described by Mr. 
Dr. Rosenberg appears to work very smoothly and quietly, but I should Burnan¢- 
like to know what he proposes to use for single-phasc machines. I 
should have thought that the arrangement he has suggested would be  * 
expensive and complicated. For small machines I have started up on 
the commutator side with alternating current, practically using the 
machines as repulsion motors. I have placed the damper winding 
unsymmetrically as regards the pole, thereby enabling sufficient repul- 
son to be obtained without moving the brushes any considerable 
distance from the neutral position. I do not know whether this is 
practicable for a large machine, and I should like to hear if the author 
has tried anything of that kind, and if so, with what result. I have 
experienced a particularly bad instance of hunting in the case of a 
rotary converter; it was a small machine and it hunted badly, an 
ordinary damper failing to stop the hunting. I prevented the trouble 
by using what I may call a mechanical damper. This was a steel disc, 
its weight being about 5 or 6 per cent of that of the rotor, but it was of 
lrger diameter, and was mounted on a sleeve with a collar on the shaft. 
It was pressed up against the collar by a spring washer, so that any 
violent fluctuation would allow the disc to slip, but the ordinary start- 
ing acceleration did not cause any slip. This arrangement was much 
More effective than the damper winding, the reason being that the 
mechanical damper gets its full corrective torque before its swing 
commences, becoming effective as soon as the phase swing tends to 
commence ; whereas the electrical damper has not any effect until the 
movement has actually commenced, and it does not reach its full value 
unl the maximum rate of movement occurs. The electrical damper 
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is equivalent to an air vane on a pendulum or balance wheel, and the 
mechanical damper to a brake. The latter is obviously more effective 
on swings of small amplitude, such as correspond with the initial stage 
of hunting. 

Professor D. RoBERTSON (communicated) : The author deals with 
machines of comparatively large size, but the same problem occurs in 
the small motors required as auxiliaries in certain methods of investiga- 
tion, such as with the oscillograph and with the stroboscope. In these 
cases, as a rule, one phase only is available, and the machines used arc 
of the synchronous type without continuous-current excitation. If 
they are made polyphase by having two windings of different con- 
stants, as in one form employed with the Duddell oscillograph, they 
start up as induction motors in the way described by the author, being 
assisted by the hysteresis torque in getting up to synchronism and 
in remaining there. Otherwise they may be started by hand through 
suitable gearing as in the Lrysdale stroboscope, or by a cam-driven 
interrupter which alters the current at the proper phase relative to 
the salient poles, as in another form used by Mr. Duddell. Boeing at 
present in want of а rather more powerful motor to run at synchronous 
speed, I have given some attention to the small machine aspect of the 
problem. The arrangement now being worked out, which may possibly 
contain points of novelty, consists of a stator and rotor, each with 
a simple single-phase winding, having either salient or distributed 
poles. The rotor winding is fed through a two-part commutator, or 
its multipolar equivalent, and is connected in series with the stator 
winding. If the brushes be so placed that commutation occurs mid- 
way between the stator poles, the arrangement is a series motor, and 
will start as such, with either alternating or continuous current, pro- 
vided it is helped over the dead points if necessary. 

As the speed passes synchronism, the mean torque per cycle 
fluctuates between a maximum and a minimum whose ratio is about 
2:1. Should the resisting torque be greater than this minimum, the 
speed will rise to synchronism but not pass it. If the brushes be 
shifted round in the direction of the motion, the action will be similar 
but less effective, while the rotor winding also acts partly as a 
continuous-current exciting winding. The maximum and minimum 
torques are both reduced, but the latter to a greater extent than the 
former, and it is only a matter of giving enough lead to the brushes 
to make the minimum torque as small as may be necessary to avoid 
running above synchronism. It can, of course, be reversed, but that 
is not necessary for our purpose. With a lead of half the pole pitch, 
commutation occurs at the middle of the poles and there is no effective 
starting torque, but there may be one at synchronism. If the current 
happens to pass through zero at the moment of commutation, the rotor 
current will always flow in the same direction through the coils ; con- 
sequently, the rotor acts like the magnet of an ordinary alternator, 
except that its excitation pulsates. In this phase the net torque is zero, 
but with a displacement from it there is a restoring torque just as in an 
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ordinary synchronous machine. There is a difference, however, because 
a displacement of the rotor phase causes commutation to occur at some 
other point than the zero of the current wave, and so the rotor current 
has negative as well as positive values. As a result of this, the torque 
reaches a maximum with about a quarter pole displacement, instead of 
3 half pole, and it reverses every half pole. It is not suggested that 
this arrangement would be at all practicable for large machines, but 
it is hoped that it will prove useful for the purposes mentioned. 

I should like to ask the author whether he has ever applied the 
stroboscopic principle to observe the way in which his machine 
behaves near synchronous speed. As the arrangements are simple, 
and the experiment both fascinating and instructive, it is well worth 
trying. It is only necessary to observe in intermittent glimpses— 
whose frequency is some simple multiple of the supply frequency—a 
pattern of uniformly placed marks, one, two, or any convenient number 
per pole, attached to the rotor. The poles of the rotor will suffice if 
they are salient, but black marks on a white ground are much more 
easily seen. A suitable intermittency is obtained by illuminating the 
machine from an arc or tungsten lamp fed from the same mains, but 
the pattern is then very hazy, and is apt to disappear at synchronism. 
It is therefore much better to employ a rotating disc driven by a small 
synchronous motor, and having, say, one slit for each pole of that 
motor. Near synchronism, if the pattern be observed through this 
shatter, it can be seen rotating backwards with a speed equal to the 
difference from synchronous speed. The phenomena can be shown 
to a number of persons at once if the light from a continuous-current 
arc be projected through the shutter on to the pattern. The way in 
which a machine pulls into step is beautifully shown.in this way, and 
also the subsequent hunting, while the phase displacements due to 
changes of load or excitation can be easily measured. 

Мг. F. C. ALDous (communicated) : The design of starting motors 
for operation with self-synchronizing machines is somewhat different 
from that of starting motors for ordinary synchronizing. In the latter 
case, the function of the starting motor is to run the rotary converter 
from rest up to synchronous speed, and to maintain it at that speed 
for a sufficient length of time for synchronizing to be carried out. To 
attain this result a squirrel-cage motor with a high resistance rotor is 
used, having a number of poles less by two than that of the converter. 
The motor is designed so that, with a normal load equal to the no-load 
losses of the rotary converter, the slip is just sufficient to give syn- 
chronous speed on the converter, e.g. with a ro-pole rotary converter 
we should use an 8-pole starting motor designed for a slip of 20 per 
cent at normal load, represented by the losses in the rotary converter. 
lt will casily be seen that to obtain correct operation very careful 
design is necessary, and if any of the characteristics of the starting 
motor or of the losses in the converter have been wrongly estimated, 
it will not be possible to synchronize at the correct voltage. For this 
reason it is generally necessary on new machines to make adjustments 
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after test; which can conveniently be done by starting and running up 
on full voltage, and then connecting a resistance in series with one 
phase of the starting motor by means of a double-throw switch. The 
squirrel-cage motor is to be preferred to the slip-ring motor because, 
when the adjustments have been made, the time taken to synchronize 
is very much shorter than with a slip-ring starting motor. For self- 
svnchronizing the starting motor has to run the rotary converter from 
rest up to synchronous speed, and allow at this speed sufficient current to 
flow for the converter to pull into synchronism. The design of starting 
motors is in this case very much simplified, since there is a much 
greater latitude possible than in the case of machinery for synchro- 
nizing. Dr. Rosenberg has stated that for self-synchronizing machines 
a motor giving a starting current of 30 per cent of the full-load current 
is required. Now a motor designed for normal synchronizing will be 
found to have a starting current not more than 15 to 20 per cent of the 
full-ioad current, so that if this motor were applied for self-synchron- 
izing it would be found to be of too high an impedance. It would 
start and run the converter up to synchronous speed, but at this speed 
sufficient current would not flow into the converter to enable it to pull 
into synchronism, and the motor would have to be re-designed for 
alower impedance. This can be done by using a stronger field or a 
lower rotor resistance. In any case, satisfactory operation is found to 
be determined by the value of the impedance, and is not greatly 
affected by the relative value of the resistance and reactance. If to 
a 6-pole rotary converter a 4-pole starting motor is connected, the 
starting motor would have a tendency to bring the converter, if not 
excited, up to approximately 40 per cent overspeed, and would there- 
fore run rather quickly through the synchronous speed of the rotary 
converter before the latter excites itself. This can be entirely over- 
come by providing the stator of the starting motor with a 4-pole 
winding and a 6-pole winding connected in parallel. The rotor 
remains an ordinary squirrel-cage rotor. With a starting motor wound 
in this way the no-load speed, even when the converter was unexcited, 
did not rise higher than 1,060 revs. per minute with a 50-cycle machine. 
The pulling into synchronism is greatly facilitated by this arrangement. 
Since the load to be started consists chiefly of inertia, the total heating 
effect on starting motor will not be altered by changes in the impe- 
dance of the motor, whether the motor winding is arranged so as to 
allow the passing of 15 or 30 per cent of the full-load current. The 
increase in current is counteracted by the reduction in the time taken 
to start up. | 

Mr. F. D. NAPIER (communicated): The centralization of electricity 
supply in large power stations naturally involves a considerable increase 
in the number of sub-stations and the capacity of the converting plant 
contained therein; and any means tending toward the elimination of 
expensive starting gear and the necessity of skilled attention cannot fail 
to receive a warm support from engineers controlling large supply 
undertakings. The application of the author’s system of starting to 
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synchronous motors will be found particularly useful where synchronous 
machines are installed on consumers' premises, but the field for this 
type of plant is somewhat limited, and I think that by far the widest 
application of this method of starting will be in connection with rotary 
converters. The improvements which have been made in the design 
of rotary converters have placed these machines well ahead of other 
types of converting plant, both as regards reliability and efficiency, but 
the need of a simple, quick, and certain method of starting has always 
been strongly felt by engineers operating these machines. Ап ideal 
system for starting rotary converters should fulfil the following condi- 
tions : (1) It should be capable of starting very quickly and under 
adverse conditions ; (2) it should cause no disturbances on the line, 
either due to wattless or heavy load currents; (3) it should require 
very little skill and accuracy in switching ; (4) there should be no risk 
of damage to the commutator by excessive sparking or flashing-over 
while starting. The most severe test of a method of starting rotary 
converters takes place when the sub-stations are getting away after 
a serious disturbance or a total failure on the alternating-current supply. 
It is on these occasions when the rapidly increasing load on the main 
generators is causing large fluctuations of frequency and voltage, and 
when the operators arc probably in a somewhat excited state of mind, 
that a quick, simple, and reliable method of starting the machines 
is most to be desired. Personal cxperience of nearly all the methods 
of starting rotary converters, including that devised by the author, 
bas led me to be strongly of the opinion that his method most nearly 
approximates to the fulfilment of the conditions which I have laid 
down. 

One of the first methods to be adopted is that in which the machines 
are started as shunt motors from the continuous-current supply, and is 
the least satisfactory of any. Should the continuous-current pressure 
be at all unsteady it is extremely difficult to get the machine to remain 
near synchronous speed for sufficient time to permit the closing of the 
switch, and if, as is often the case under these circumstances, the atten- 
dant makes а bad parallel, the machine will probably flash over, and 
thus put a short-circuit across the continuous-current busbars. The 
more general method is to run the machine up to synchronous speed by 
means of an induction motor and to synchronize in the ordinary way. 
The motor is designed to run the machine to a little above synchronous 
speed, and means are provided for varying the speed in order that 
synchronism may be obtained. This involves the direct control of the 
motor rheostatically, or else the use of a variable resistance which can 
be switched across the slip-rings, thereby artifically loading the rotary 
amature and increasing the slip on the starting motor until synchronous 
speed is reached. Although under favourable conditions a machine 
can be started exceedingly quickly by this method, considerable skill 
is required on the part of the attendant, and, moreover, should the 
allernating-current supply be at all variable, much valuable time is lost 
ш effecting a parallel. It was to obviate this difficulty that the self- 
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synchronizing rotary converter was developed. This is started as an 
induction motor direct from low-voltage tappings on the transformer, a 
squirrel cage being provided on the pole faces. The method has some 
advantages over the last mentioned both as regards quickness and 
simplicity, but, as the author has pointed out, itis a matter of uncertainty 
as to which way the polarity of the machine will build up, and much 
time may be lost in rectifying it. The system, however, has more 
serious disadvantages than this. The starting current required is very 
excessive, and, having a large lagging component, causes very heavy 
disturbanees on the supply system. Ол the undertaking in which I am 
interested the disturbances caused by the starting of two 500-kw. rotary 
converters by this method were so severe that we had to issue instruc- 
tions to the attendants поё to start direct from the alternating-current 
side, but to bring the machines up to nearly synchronous speed from 
the continuous-current supply before switching them in on the alter- 
nating-current bars, and eventually it was found better to revert to the 
old method of synchronizing. In addition to this great disadvantage, 
the excessive sparking which occurs while the machine is speeding up 
entails either continuous attention to the commutator and frequent 
brush renewals, or else a complicated system of brush-lifting gear, 
which, beside being a mechanical monstrosity, becomes absolutely 
impossible on machines of large capacity. 

In order to comply with somewhat stringent stipulations as to line 
disturbance and starting currents, the system designed by the author 
was recently fitted to a 1,000-kw. 50-cycle rotary converter in the 
power station under my charge, and after some months' experience 
I am pleased to state we have found it very satisfactory. Our atten- 
dants frequently get the machine started and into synchronism in well 
under one minute. The starting current is less than half the full-load 
current, and no disturbance is caused on the system. We have found 
that the most satisfactory results are obtained by cutting out a fairly 
large amount of the main field resistance at first in order that thc 
machine will pull into synchronism under a fairlv strong field ; as soon 
as synchronism is reached, however, the field is adjusted to give as 
nearly as possible the correct voltage between the slip-rings, and the 
main switch is then closed. If this adjustment is made with care it is 
impossible to detect the slightest disturbance or rush of current on 
closing the switch, but if the voltage is not approximately correct at the 
moment of closing the switch, a considerable rush of wattless current 
occurs, accompanied with heavy sparking at the brushes. "Thisappears 
to be somewhat at variance with the author's statement on page 87. 
On page 79 the author states that an indicating lamp can be con- 
nected across the switch if this method of indication is preferred 
by the attendant, but that the steadiness of the voltmeter needle is 
sufficient indication that the machine has pulled into synchronism, 
We have found, however, the indicating lamp to be an absolute 
necessity, as a slight flicker may be observed on the lamps for quite 
an appreciable time after the voltmeter needle has come to rest, and if 
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the switch is closed before this flicker has completely disappeared 
avery heavy rush of current takes place, accompanied by violent spark- 
ing, which is almost sufficient to cause a flash-over. We also find that 
during the few secondsin which the machine is pulling into synchronism 
sparking does occur, and on some occasions is rather severe. Although 
this sparking lasts but a few seconds, and appears to have little detri- 
mental effect on the commutators and brushes, itis hardly in agreement 
with the author's statement in the second paragraph on page 82. 

Our machine is a 12-pole rotary converter coupled to a 10-pole 
starting motor, apparently being similar to the one on which tests are 
given on page 86 ; and while it is only fair to state that the machine was 
not originally designed for this method of starting, I am afraid our 
experience has not been quite as satisfactory as the test referred 
to above might lead us to expect. In many instances the ro-pole 
starting motor has shown a distinct tendency to push the converter 
through synchronism, and although the synchronizing torque is 
sufficiently powerful to prevent this actually taking place, a violent 
phase swinging is set up between the motor and the rotary. Once 
having started, this swinging takes a considerable time to damp out, 
even after full field has been put on the machine. During this period 
the lamps are flickering brightly, and although the voltmeter shows but 
the slightest movement, to close the switch while these conditions exist 
would certainly cause the machine to flash-over. A somewhat remark- 
able thing about this tendency to pull through synchronism is that 
it only occurs occasionally, and we have been unable to arrive at 
a satisfactory explanation as to why this should occur at one time and 
not at another under apparently similar conditions. Perhapsin his reply 
Dr. Rosenberg will explain the reason. Experience with this machine 
has led me to the conclusion that with a suitably designed starting 
motor having a number of poles corresponding with that of the con- 
verter the method of starting would leave very little to be desired, the 
foregoing remarks being made rather with a view to obtaining informa- 
tion as to the phenomena observed on our machine than as a criticism 
of the system of starting. 

Mr. E. Barrs (communicated): I believe my firm was the first to 
place an order for rotary converters equipped with Dr. Rosenberg's 
self-starting device, although, unfortunately, these machines are not 
yet in full commercial service. I have, however, been able to make a 
number of tests which quite bear out Dr. Rosenberg's claims. Two 
400- kw. 6,000/220-volt and three 500-kw. 6,000/480-volt machines were 
constructed by the British Westinghouse Company, and guarantees 
were given that the starting current would not exceed 30 per cent of 
the full-load current. The tests taken showed that the starting current 
varied from 24 to 28 per cent of the full-load current, and the time 
required for synchronizing varied from 40 to 60 seconds. The 
method is very simple, and the ease and certainty with which syn- 
chronizing can be carried out is noticeable. In every case the machines 
were found to build up always in the right direction, and in no case 
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Mr. Barr. was there any sign of sparking on the commutators. А feature of 
importance to my mind is that a specially skilled operator is not 
required; and this should be borne in mind when comparing the 
system with the ordinary method of starting by means of a starting 
motor and synchroscope. In this latter case a certain amount of 
skill on the part of the attendant is required, and I have rarely found 
that I could depend upon synchronizing being carried out in less than 
one and a half minutes, and very often the time required is con- 
siderably longer. The Rosenberg method seems to me distinctly 
superior to the self-starting method, depending on switching in low- 
tension transformer tappings. The Rosenberg method is applicable 
to machines of any size; the latter method is not. Personally I 
should not be inclined to apply it to rotary converters of more than 
250-kw. capacity. When starting on low-tension tappings the rotary 
converters frequently do not build up their fields in the right direc- 
tion and it is then necessary to reverse the polarity, which, of course, 
takes time. Further, cases have occurred of bad sparking with low- 
voltage machines. The system also requires a fairly heavy starting 
current. The choice of a starting system must of course depend upon 
circumstances, but where the starting current of about one-third the 
full-load current is not objected to I have found the Rosenberg 
system very satisfactory. 

Mr. Bowden. Mr. J. Н. BOWDEN (communicated): Having recently installed a 
1,000-kw. self-synchronizing rotary converter, I can testify to the great 

advantage there is in the self-synchronizing arrangement due to its 
simplicity. At first we experienced a little trouble due to the machine 
starting up with reversed polarity. We found that this could only be 
reversed by the application of a separate magnetizing current—after 
repeated trials and warming the starting motor up considerably. "This 
would be a serious disadvantage if it was likely to be a frequent 
occurrence. With regard to the closing of the short-circuiting switch 
across the starting motor, this, in my opinion, is not clearly indicated 
by the continuous-current voltmeter, which may be fixed some distance 
away from the machine on the main switchboard, and I think it would 
be a distinct advantage to have a separate alternating-current volt- 
meter fixed across the terminals of one phase of the starting motor. 
This could then be fixed immediately above the short-circuiting 
switch, which is conveniently fitted on the machine, on account of the 
number of cables connected to the same. In other respects the rotary 
converter has run very satisfactorily. 


DISCUSSION BEFORE THE MANCHESTER LOCAL SECTION ON 
IST APRIL, 1913. 


Mr. Mr. A. E. McKENZIE : Professor Walker said that self-starting 
McKenzie. rotary converters would prove very useful when interruptions to the 
supply occurred ; there is no doubt that it is advantageous to have 
a machine which can be put on load very quickly. Some time ago the 
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Manchester Corporation ordered from the British Westinghouse Com- M 


pany a large rotary converter, and I think it was about the time that 
Dr. Rosenberg was trying to persuade engineers that the self- 
synchronizing rotary converter could be supplied as an efficient piece 
ofapparatus. Dr. Rosenberg showed me at the company's works one 
of their large machines which was started up from rest and ready to 
connect to the supply in 30 seconds. To station engineers who have 
seen their staff struggling from 3 to 15 minutes to synchronize a 
machine it was somewhat of a revelation, and I had no difficulty in 
persuading my chief to adopt the self-synchronizing machine. 


9.5 O9 оё OF об OS Of оз c2 OI 
Power factor. 
Fic. C. 


Mr. K. M. FAvE-HANSEN : Dr. Rosenberg started by mentioning the 
improvement of the power factor at the generating station by using 
synchronous motors. In this connection it is very important to know 
how many magnetizing kilovolt-amperes are really required to improve 
the power factor to a given extent. For particular cases this can of 
course easily be calculated in the way shown in the paper, but I think 
that generally it can best be shown by a curve such as that in Fig. C. 
The abscissze in this diagram represent power factors and the ordinates 
magnetizing kilovolt-amperes at a constant load of тоо kw. This curve 
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holds good for both lagging and leading power factors, the magnetizing 
kilovolt-amperes for leading power factor being taken as negative if the 


.magnetizing kilovolt-amperes for lagging power factor are taken as 


positive. From this curve it will be seen at a glance that the amount 
of magnetizing kilovolt-amperes required to alter the power factor near 
unity are very large compared with the kilovolt-amperes required to 
alter the power factor in the neighbourhood of o'8 power factor. For 
instance, it takes approximately the same kilovolt-amperes to alter the 
power factor from o'97 to unity as from o'7 to 0*8, or from 0:8 to 0'9, or 
from o'9 to 0'97. The improvement in the power factor of the whole 
system will thus be as large if a synchronous motor which runs at 0'97 
lagging power factor is made to run at 0°97 leading power factor as if 
instead of an induction motor of the same size having a power factor of 
0'7, one having a power factor of o'9 is installed. 


Fic. D. 


To me the most interesting part of the paper:is the question of 
pulling into synchronism. In the development of his formula Dr. 
Rosenberg has made the assumption that the machine is excited so 
that it takes at no load no lagging or leading current. This assumption 
is not really necessary, and the whole can be treated as easily if this 
assumption is dropped. Fig. D shows the vector diagram for a syn- 
chronizing machine running on a supply having a constant voltage 
represented by O A, while O B is the voltage vector of the synchronous 
motor at the existing excitation if no current was flowing. The voltage 
difference B A forces the current I, which is proportional to B À and 
has 9o deg. phase angle against it, through the motor winding. The 
input is proportional to Eyuppy X I X cos $, which is proportional to the 
triangle А В О. The triangle A B O = E,,,uy X Eexcitation X Sin a. This 
is also proportional to B G in the diagram. In this way we can sec 
that the increase in excitation has the same influence on the syn- 
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chronous power, and therefore on the tendency to pull into synchronism, 
asan increase in the supply voltage with unaltered excitation, so long 
asthere is no asynchronous torque. If we retain the assumption of no 
asynchronous torque, and assume that the voltage is switched on when 
the voltage vector of the machine is in the position D (see Fig. 6 in 
Dr. Rosenberg's paper), the motor will be retarded until it comes to the 
position A, after which it will accelerate again to the position D, and 
soon. The speed of the machine when for the second time it reaches 
the position D will be the same as it was at the moment of switching 
in, so that under these circumstances the motor will never be pulled 
into synchronism however small the slip may have been, and the 
average slip will be larger than that corresponding with the speed at 
which the motor was brought up. In cases, however, where there is a 
load on the motor and a squirrel-cage winding causing an asynchronous 
torque, and the excitation is switched on in the position D of the voltage 
vector, the speed after one revolution of the vector back to the position 
D will be somewhat higher than it was when switching in, so that the 
average slip after some time will correspond in this case with the slip 
due to the action as an asynchronous motor. In this practical case, 
therefore, Dr. Rosenberg's formula introducing the average slip will 
give very good results. 

On page 72 it is stated that “the retarding torque for a certain 
leading angle may be slightly less than the accelerating torque for the 
same lagging angle.” I cannot see any reason for this with a machine 
having symmetrical poles as long as it is assumed that the ohmic resist- 
ance is negligible, as I believe that the torque curve will then be 
symmetrical to the O A axis (Fig. 6). If the ohmic resistance is not 
negligible I think that the same will hold good regarding the mechanical 
torque of the synchronous motors, because this ohmic resistance corre- 
sponds only with a loss due to the current, and this loss will be 
supplied from the line as long as the synchronous machine works as a 
motor, but will be supplied from the synchronous macome when it 
works as a generator. 

The most important part of the paper is undoubtedly that dealing 
with the starting up of rotary converters, and especially the self- 
Synchronizing method using a starting motor. With this method it is 
possible, as mentioned on page 79, to keép the field switch open during 
starting, even for high-voltage rotary converters, without too high a 
voltage being induced in the field winding, so that it is possible to 
switch in the excitation at the most favourable moment. For the 
ordinary self-starting and self-synchronizing method this would not be 
possible for high-voltage rotary converters unless a field-dividing switch 
were used. Dr. Rosenberg states on page 84 that a very wide margin 
may be allowed in the design of the slip of the starting motor. All 
that is required is that the starting motor shall drive the rotary con- 
verter near enough to synchronous speed to ensure pulling in when 
rmning with losses between those corresponding with the maximum 
aed minimum allowable excitation. 
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Mr. G. D. SEATON: I should like to ask Dr. Rosenberg which he 
would advise in the case of, say, a 1,000-kw. unit—a continous-current 
turbo-generator or a six-phase alternator and rotary converter. Opinions 
seem to be very divided in regard to plants of this size. 

Mr. J. S. PECK: Several methods are now in use for starting 
rotary converters and other synchronous machines, and before 
advocating the general adoption of а new system we should be 
reasonably sure that it presents important advantages over the 
old ones. While the old methods of starting are more or less satis- 
factory, each has certain disadvantages. For example, it is neces- 
sary to synchronize when a starting motor is used, also when 
starting up from the continuous-current side in the case of a 
rotary converter. This is often a serious disadvantage. When starting 
from the alternating-current side, very complicated brush-lifting 
arrangements must be provided in the case of large rotary converters, 
while with all rotary converters started in this manner the polarity is 
likely to come up wrong, some delay often resulting in getting the 
polarity reversed. Also in starting up from the alternating-current 
side heavy currents are frequently taken from the line, which is a 
serious objection. The new method of starting appears to overcome all 
these difficulties. No synchronizing is required, the machine comes 
up to speed very quickly with very small starting current, and the 
polarity is always right. Thus there is practically no chance of any- 
thing going wrong, and a comparatively low grade of labour is required 
for operating the plant. In looking at the diagrams in the paper the 
method appears ideally simple, but as a matter of fact it has required 
very careful study of the problem and a large amount of experimental 
work in order to proportion the various elements to ensure satisfactory 
results being obtained. 

Mr. E. M. HoLLINGSWORTH : This subject is of very great interest 
to power-station engineers. I have used rotary converters for some 
years, and fully appreciate their advantages. At the sametime, I bave 
experienced on one or two occasions the difficulty of quickly synchro- 
nizing these machines after a shut-down ; due, no doubt, to the natural 
excitement of the men in charge, and probably a variation in pressure 
at the time. The machine put forward by the author would certainly 
prove of great advantage in this respect. In my opinion, however, 
there is a still greater field of usefulness for such a machine. I refer to 
sub-stations in works where the converting plant is not under the control 
of the supply authority, but is operated by men in the employ of the 
consumer. Insuch sub-stationsit is an advantage as regards efficiency 
to have rotary converters installed, and the supply engineer would 
certainly feel more contented if they were of the self-synchronizing 
type. 

Mr. К. С. CUNLIFFE: The universal adoption of the methods of 
starting rotary converters described by the author will, naturally, be 
influenced by considerations other than, and in addition to, scientific 
ones. At the bottom of page 63 the author says that “ An induction 
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motor with oʻọ power factor may sometimes be replaced with advantage wt. 
by а synchronous motor." In rgor Mr. Heyland proposed a method of С. 


increasing the power factor of induction motors to unity by the addition 
of a small commutator on the rotor, and by supplying low-tension mag- 
netizing current to the rotor. I should like to know whether this 
method has been employed and what the results were. On page 62 
Dr. Rosenberg refers to the fact that a larger air-gap must be used for a 
synchronous machine than for an induction motor. Is the air-gap in 
а self-starting synchronous motor designed to be the lowest possible for 
a synchronous machine so as to facilitate the starting up of the latter as 
an induction motor? In regard to Fig. 3, if the machine falls out of 
step through a disturbance on the system, would this not exercise a damp- 
ing effect and protect the stator? With reference to Figs. 4 and 5, the 
curves representing the amperes per phase have a very different shape 
in the two figures, and I should like to know if the reason for this lies 
in the different magnetic-circuit formation of the two machines. 

Mr. W. CRAMP : We are all in agreement with Professor Walker that 
"measurement" is a most important matter in engineering. * How 
much?" is what we all want to know, and in this case * How much 
money?" This is a point which appears to have been omitted in the 
paper. Professor Walker says that the rotary converter is the best 
machine for the work, but what we want to know is whether, with the 
additional advantages described, the price of the rotary converter will 
rise above that of the motor-generator, and if so, how much? Certain 
central station engineers not only demand that their consumers must 
have a power factor which shall not fall below a certain figure, say о‹8, 
but they add that if the power factor can be brought above о"8 then they 
will contribute the extra cost of the necessary alterations in the sub- 
station machinery to bring the power factor up to unity. This was pro- 
posed in a certain case not very far from here. The diagram shown 
on page 70 is not very clear. О A, the author says, is the vector of supply, 
OB the lagging vector of the rotor—presumably these are both voltage 
vectors. Assuming that they are, there is a difficulty in understanding 
the figure. I hope Dr. Rosenberg will make this matter a little 
clearer when he revises the paper for the Journal. On page 71 there 
isa statement to the effect that the minimum slip will exist when the 
rotor vector has the position in direct opposition to the supply vector ; 
itseems to me that throughout these calculations the inertia of the rotor 
las been omitted, and that there will always be a mechanical lag which 
ought to be taken into consideration. At the bottom of page 71 the 
term "limiting condition" for pulling into synchronism is not very 
dear, and I should like Dr. Rosenberg to explain this more fully. It is 
aso not clear why a large air-gap should be necessary for synchronous 
motors. It has generally been assumed that a synchronous motor can 
be built successfully with an air-gap 20 per cent smaller than that of an 
alternator of similar output. It seems to me that the air-gaps which used 
to be employed could still be used. There is also the question of the 
application of this method of starting to synchronous machines other 
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than rotary converters. The paper is entitled “Self-Synchronizing 
Machines," and we want information as to where these self-synchro- 
nizing machines, apart from rotary converters, will be used. The author 
guards himself very carefully in stating that synchronous motors cannot 
always be used in place of induction motors. Here, again, we are faced 
with the question of cost. How will the cost of the synchronous motor 
with its starting devices compare with that of an induction motor? So 
long as the station engineer will not pay the difference, the consumers 
will of course continue to put in the induction motor. Finally, I would 
call attention to the fact that in the case of motors Dr. Rosenberg's 
system necessitates three machines in place of one; viz. the series 
motor, the synchronous motor, and the exciter. It seems to me that a 
valuable reduction in both cost and complication could be obtained by 
combining the exciter and the series motor, making them into one 
machine. And in the case of rotary converters a series winding on the 
field magnets might make it possible to start the machine itself as a 
series motor if the poles were well laminated. 


DISCUSSION BEFORE THE BIRMINGHAM LOCAL SECTION ON 
oth APRIL, 1913. 


Mr. F. Forrest: The self-starting synchronous motor described by 
the author is too complicated a machine for use on consumers! premises, 
and there can be very few cases where its adoption for the driving of 
works would be advisable or necessary. The induction motor fitted 
with a phase advancer is a much simpler machine for this purpose, 
and in addition possesses practically all the good operating features of 
the synchronous motor. The high-tension self-synchronizing motor is 
likely to find its chief use in connection with motor-generator sets in 
sub-stations on transmission systems of comparatively high frequency 
(50 periods or over). Experience in the past has proved that on the 
whole the synchronous motor is a more reliable machine than the 
induction motor, chiefly because its stator windings are not subjected 
to the sudden stress and concentration of potential across the end turns 
which occurs when an induction motor is switched straight on to the 
high-tension supply. In large sub-stations the arrangement shown in 
Fig. 11 will not prove satisfactory without considerable modification. 
No engineer would contemplate having a large motor-generator unit 
put out of action because of some minor trouble with the induction 
starting motor or the transformer feeding it. It must be possible in 
such cases to get the machine into service by starting up from the con- 
tinuous-current side, and synchronizing apparatus must therefore be 
installed as a stand-by to the author's arrangements. The method of 
starting rotary converters described in the paper and shown in Figs. 9 
and то is very ingenious, but I cannot see the advantage of it except 
for special cases. Since a starting motor is required, why not 
synchronize the machine in the ordinary way ? With a good synchro- 
scope it is just as easy to synchronize the rotary converter as to parallel 
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iton to the continuous-current busbars. The time required for start- 
ing and synchronizing rotary converters of 1,500-kw. capacity, using 
induction starting motors, is only about one minute, so the author's 
method does not save much time. The triple-pole switch in the low- 
tension alternating-current circuit to the slip-rings, required with the 
author's method of starting, is a possible source of trouble, especially 
with large machines, and this switch would not be required with a 
rotary converter synchronized in the usual manner. In case of the 
failure of the starting motor it should be possible to start up the con- 
verter readily from the continuous-current side and synchronize it. 
The arrangements shown in Figs. 9 and ro do not permit of this being 
done without considerable modification, which would add still further 
to the complication. 

Dr. M. L. KaHN: Dr. Rosenberg has to be congratulated on his 
idea of connecting the starting motor of synchronous machines in 
series with the main machines instead of putting it in parallel, as has 
been hitherto the usual practice. The effect of this connection, how- 
ever, is not quite clearly defined in the paper. The supply system of a 
certain periodicity, say 50 periods, is connected to the stator of an 
induction motor, and in series with this stator is the induced part of 
the synchronous machine which is to be started. If the latter is not 
excited it simply acts as a reactance, which slightly reduces the pres- 
sure at the terminals of the starting motor below the supply voltage. 
И a rotary converter or a synchronous motor with direct-coupled 
exciter, however, is run up to speed with the field winding connected 
across the brushes on the commutator of the converter or exciter as 
described on page 77, it will excite itself as soon as it is within a 
certain range of the full-load speed, say 25 per cent below the full. 
load speed. The frequency of the voltage induced in the synchronous 
machine is then considerably below the frequency of the supply, and 
the slip is greater than the maximum slip at which the machine would 
pull into synchronism. The voltage on the stator terminals of the 
induction motor is the resultant of the supply voltage and the voltage 
of the synchronous machine, which are of different frequencies. The 
resultant voltage will therefore vary considerably. It may vary, as 
stated in the paper, between zcro and double the normal value. As the 
torque of an induction motor varies approximately with the square of 
the impressed voltage, the starting torque of the set will also vary con- 
siderably. The frequency of the terminal voltage of the induction 
motor is not the frequency of the supply system ; it is the resultant of 
this frequency and the frequency corresponding with the speed of the 
smchronous machine. For the case stated above, the supply frequency 
шау be со, while the synchronous machine may only have a frequency 
(37. All this must have a considerable influence on the starting of 
the set, and a statement how the voltage and frequency impressed on 
Ше terminals of the starting motor, and in consequence the torque of 
this motor, varies, would be of greatinterest. The synchronizing output 
on page 70 is given for one phase only. For three-phase machines this 
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output has to be multiplied by three. In the example worked out on 
page 72 the synchronizing power of 45 kw. seems very small for a 
machine with stored energy of 50,000 m.-kg. In consequence the slip, 
1'5 per cent, arrived at is rather small, and this slip will be con- 
siderably larger for the average ordinary machine. The method of 
synchronizing the rotary converter, and obtaining the correct polarity 
by means of a small field switch, as shown in Fig. ro and on page 8o, 
has been given in the latest edition of Professor Arnold's book on 
synchronous machines. 

Mr. F. J. MOFFETT: I have read the title of this paper with a pang 
of regret, as it indicates the approaching disappearance of a certain 
sporting element. In the old days, before the introduction of the syn- 
chroscope, reverse power relays, and other fool-proof devices, it was 
decidedly exciting to parallel a new machine, especially if the load on 
the mains was increasing at a rapid rate. Dr. Rosenberg self-syn- 
chronizing machine does away with the need for special skill on the 
part of the operator, and renders it possible to use synchronous 
machines in cases where no skilled attendant is available. As regards 
the uses of synchronous machines, these are, as the author points out, 
decidedly limited, but there appears to be a field for synchronous 
machines in such directions as driving centrifugal pumps, fans, and 
even line shafts, if arrangement is made to start them on light load by 
means of fast and loose pulleys, clutches, or similar devices. In view of 
the decided advantages to supply authorities of effecting a reduction of 
the wattless current which uselessly loads up generators, mains, and 
transformers, and seriously affects the regulation, it seems that preferen- 
tial terms ought to be offered to consumers who are prepared to install 
synchronous machines. Some time ago, when arranging for the installa- 
tion of two 120-b.h.p. three-phase motors to drive continuous-current 
generators supplying current for electrolytic purposes, I approached 
the supply authority on these lines, but was unable to obtain any con- 
cession. Ordinary induction motors were therefore installed, as the 
cost was less and the starting so much simpler. A short time ago I 
saw one of the sclf-starting self-synchronizing rotary converters in 
operation, and I was impressed by the simplicity obtained owing to 
the absence of starting motor, synchronizing apparatus, and exciter. 
The machine started up with 40 per cent of the alternating-current 
supply voltage, and the sparking during the starting period was reason- 
able. The polarity twice built up wrongly, but at the third attempt it 
came up correctly. 

Mr. W. E. MILNs: Although the self-synchronizing motor possesses 
several features which arc appreciated by supply authorities, especially 
those suffering from bad power factors, it has a very limited use on 
consumers’ premises. The consumer certainly will not pay the extra 
cost of such machines, and owing to their limited use it is imprac- 
ticable for supply authorities to offer special tariffs In Birmingham 
an application has been received from a user who proposes to improve 
the power factor by installing an 80-kw. synchronous machine, The 
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effect of such a machine on a system supplying over 30,000 kw. would 
not in any way justify a reduction in the price of energy. 

Dr. E. ROSENBERG (in reply): I must thank Professor Miles Walker 
for his favourable comments on the new method of starting rotary 
converters. As to the number of field ampere-turns necessary for a 
synchronous motor, 150 per cent of the armature ampere-turns are 
certainly sufficient to keep the motor in synchronism, but if the motor 
is subjected to overload this should correspond with quite 200 per cent 
of the normal full-load armature ampere-turns. We have therefore in a 
synchronous motor тоо per cent ampere-turns in the armature when 
the machine is running at normal load, and 200 per cent ampere-turns 
if the field, while with an induction motor running at o'8 power factor 
the armature ampere-turns will be approximately 125 per cent and the 
rotor ampere-turns roo per cent. This, however, must not be taken in 
itself as a disadvantage of the synchronous motor. If the latter has a 
salient-pole field it is quite feasible that, due to the reduced mean 
length of turn, the 200 per cent ampere-turns do not necessitate the 
use of more copper or cause a higher copper loss in the machine. As 
to the general question of supplanting the induction motor by a motor 
with unity power factor, there is perhaps a difference in degree 
between Professor Walker's views and mine. Ї am absolutely in 
sympathy with this movement as far as large continuously running 
machines are concerned, and fortunately there is now almost universal 
agreement among electrical engineers that converting machines of the 
synchronous type are the best for sub-stations. For the ordinary 
industrial motor, however, and especially as regards small motors, I 
think it would be a serious mistake on the part of station engineers to 
discourage the use of the simple, reliable, and cheap induction motor 
merely because it requires wattless current from the line. The watt- 
less current causes serious trouble only if it has not been properly 
considered at the time of laying out the power station and the cable 
network. Very extensive high-tension overhead lines or underground 
cables take an appreciable amount of leading wattless current, and 
this partly compensates for the lagging current taken by induction 
motors. In a large power scheme operated at a pressure of 100,000 
volts, and of which I have the particulars, this correcting influence is 
% great that a power factor of 0'7 at the motors will be increased to 
nearly o8 at the station. But also in comparatively low voltage 
systems, where the capacity current is negligible, and where, say, with 
à pressure of 6,600 volts on the line the difference in the cost of the 
cable for unity and 0:8 power factor is considerable, there is always 
the alternative of increasing the supply voltage instead of enforcing 
mity power factor. In laying out the station and the cable system one 
Sould never be too optimistic with regard to the power factor ; the 
atra cost of the generator and mains, if taken into consideration from 
the start, is a small fraction of the total cost, and a sufficiently good 
Power factor will then nearly always be obtained if the large motors and 
the converting machinery in the sub-stations are of the synchronous type. 


Mr. Milns. 


Dr. 
Rosenberg. 


Dr. 
Rosenberg. 


118 ROSENBERG : SELF-SYNCHRONIZING MACHINES. [10th April, 


With regard to Professor Walker’s and Mr. Cramp’s criticisms of 
Fig. 6, I did not consider it necessary to give a long explanation of ' 
this vector diagram as it is a well-known diagram which has been 
used in many papers on parallel operation. It would certainly be 
highly desirable if a general agreement could be reached as to the 
drawing of clock diagrams. From the practical point of view, how- 
ever, I certainly prefer the arrangement in Fig. 6, where a triangle 
O A B is used, to Fig. B where a parallelogram is used, and five lines 
are required instead of three. In complicated calculations the parallelo- 
gram is most inconvenient, and I believe it has long since been 
abandoned in graphic calculations of mechanical as well as electrical 
problems. 

In answer to Mr. Orsettich and Mr. Bosworth, there is no diffi- 
culty in making a good squirrel cage for a 2- or 4-pole rotor. It will, 
of course, not be made of exactly the type shown in Fig. 3, but as 
many squirrel-cage motors are in existence driving centrifugal pumps 
of 1,500 and 3,000 revs. per minute, and as there are many turbo- 
generators which have a damper winding in the rotor to cope with 
a single-phase load, we may take it as certain that the problem can be 
and has been solved. I disagree also with Mr. Orsettich's opinion that 
a rotary condenser need not be fitted with heavy dampers, because its 
oscillations will not affect anything else. Oscillations in the case of a 
synchronous machine imply an interchange of watt current with the 
other machines running on the same system. 

The methods of starting rotary converters and synchronizing them 
by means of a synchroscope have not been discussed in the paper, 
although they have been mentioned in passing. I would refer 
Mr. Orsettich to the title of the paper, “ Self-Synchronizing Machines." 
I do not by any means condemn the self-starting of rotary con- 
verters by means of transformer taps, but without a brush-lifting 
device this causes serious sparking with 25-cycle machines larger than 
500 kw., and with 50-cycle machines above 300 kw. These figures 
also agree quite well with those put forward by Mr. Whittaker for the 
proper realm of low-voltage tap-starting. With regard to the inexpen- 
siveness of this method, this can only be conceded for small machines, 
and where no objection is raised against the heavy rush of current 
that occurs when switching over from the lower voltage to the full 
voltage tappings. If this rush has to be avoided, then the necessity of 
intermediate steps with resistances or choke coils, and the necessity of 
providing proper mechanism for operating this heavy-current switching 
apparatus, easily increase the cost to that of a machine with starting 
motors. 

Mr. Whittaker's experiments with the self-synchronizing series 
arrangement of starting motor and rotary converter are of the very 
greatest interest to me; they bear out in every essential detail the state- 
ments and figures in my paper, and perhaps amplify it in some 
respects. Although scientific investigations such as he has made are 
highly welcome, it may perhaps not be superfluous in regard to com- 


19313] SELF-SYNCHRONIZING MACHINES : DISCUSSION. 119 


mercial applications to point out that the new system is patented.* 
Mr. Whittaker's tests as to the reversal of polarity of self-starting 
rotary converters are very interesting, and I am very pleased that his 
observations check exactly with mine, but I do not find that his 
explanation makes it clearer than my explanation. 

What Mr. Bosworth says against the squirrel-cage winding on a 
salient-pole motor, and the experience he mentions, only show that in 
the particular case quoted either the starting voltage was too low or 
the squirrel-cage resistance too high for the torque required. It would 
be quite wrong to infer from this one experience that the squirrel-cage 
starting winding in general gives any more trouble than the wound 
rotor, especially if the wound rotor has only a single phase with two 
slip-rings. I have no doubt that designers will also frequently find the 
point of critical torque when they believe they can just manage it with 
the single-phase winding, and discover that they have gone too far 
when trying to start the machine. If a wound rotor is supplied, the 
addition of the third slip-ring gives such great advantages with regard 
to starting torque and damper action that it never should be omitted. 
As to the auto-transformer starter which Mr. Bosworth declares is 
unnecessary if the synchronous motor is designed for a leading power 
factor of at 1саѕ 0:8 or 0'7, I would mention that if it takes at starting 
the full rated current, not at leading power factor but lagging very 
considerably, this will be objected to in many cases ; for although the 
current measured on the ammeter is not greater than the normal 
current, there will be a great drop in voltage on the generator and 
cables. The cylindrical field (continuous iron circuit) is at a disadvan- 
tage in so far that it will not pull into synchronism without continuous- 
current excitation. 

In answer to Dr. S. P. Smith, it is not difficult to design a squirrel 
cage which is a proper compromise for the best starting and the best 
running conditions, giving the proper starting torque and effective 


damping. In fact, with a synchronous motor the resistance of the > 


squirrel cage cannot be made very high if the machine is to pull into 
synchronism under load. The machine with solid cast-steel poles 
shown in Fig. 5 would start with the field winding open circuited, and 
starts then in a shorter time just like the machine shown in Fig. 4. 

As to the new self-synchronizing method, Dr. Smith will see if he 
studies Figs. 12 and 13, and also Mr. Whittaker's experiments, that the 
rotary converter synchronizes itself “ properly." The machine is 
exactly in step before the starting motor is short-circuited, and there- 
fore if the switch across the starting motor is short-circuited, the rush of 
current is a small fraction of the full-load current, and no surge occurs. 
As Mr. Whittaker points out, and as can be seen quite clearly from 
Fig. 13, it is possible after the machine has pulled itself into synchronism 
ether to adjust the excitation of the rotary converter so that the latter 
isabsolutely in phase with the supply, the voltage being slightly lower, 
and a small wattless current being caused on short.circuiting the 

* British Patent No. 9644 of 1912. 


Dr. 
Rosenberg. 


Dr. 
Rosenberg. 


120 ROSENBERG : SELF-SYNCHRONIZING MACHINES. [10th April, 


starting motor; or, on the other hand, the converter voltage can be 
made equal to the supply voltage, giving a small lag which will cause 
at the moment of short-circuiting a small watt current. In no case, 
however, will this current be large with a properly designed starting 
motor. Dr. Smith’s experience that in tap starting the converter nearly 
always comes up to the right polarity if the field switch remains 
closed is unfortunately not shared by others, and his suggestion to bring 
up machines by means of a pony motor to within a few per cent of the 
correct speed, and then switch them direct on to the line, allowing 
them to synchronize themselves, would infallibly shut down the power 
station if tried with a large rotary converter. If the converter is only 
at the approximately correct speed and is connected at the full line 
voltage, the current drawn from the line would be many times the full- : 
load current if the converter is unexcited, and probably still greater 
if the converter is excited. I hope that nobody will try this sugges- 
tion on a 1,000- or 1,500-kw. converter. 

In reply to Mr. Burnand, there is practically no demand for single- 
phase rotary converters. For starting, the single-phase repulsion 
motor, the series motor, or the split-phase induction motor, could be 
used. Mr. Burnand's experiment of starting small rotary converters 
from the commutator side as repulsion motors is very interesting ; I 
have not tried it. The mechanical damper described by Mr. Burnand 
is also very interesting, but a machine with a good squirrel cage in the 
field should certainly not require that. I have not come across a single 
case of hunting on the alternating-current side in rotary converters 
with properly designed dampers. "There is a kind of hunting arising 
on the continuous-current side, due to an over-compounding action 
of commutating poles, but it is not difficult to design and adjust 
commutating poles so as to overcome this trouble. 

Mr. Faye-Hansen's curve showing the percentage of the magnetizing 
kilovolt-amperes for a given power factor will be very useful. I also 
quite agree with his other remarks. 

In reply to Mr. Seaton, for a 1,000-kw. low-voltage machine at, say, 
220 volts, I would prefer a 3,000 revs. per minute 6-phase turbo-gener- 
ator and a 50-cycle rotary converter to a 1,000-kw. continuous-current 
turbo-generator running at lower speed. Even at 500 volts the plain 
continuous-current arrangement will only be preferable to the alter- 
nator and a converter if in the first case a tandem arrangement of two 
500-kw. generators is used, allowing of a turbine spced not very much 
lower than that of the alternating-current arrangement. For larger 
outputs alternating-current generation is decidedly preferable, and as a 
rule it is then found possible also to save a good deal in cables by 
transmitting high-tension alternating-current and installing rotary 
converters, not in the power station but in the sub-stations. 

In reply to Mr. Cunliffe, the Heyland motor proposed in 1i9oi 
was never adopted in practice to any appreciable extent, doubtless 
owing to the complication and expense of the commutator. The air- 
gap in a self-starting synchronous motor must be designed with a view 
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to getting the necessary ratio between the field and armature ampere- 
turns, Already in order to save copper it is not made larger than 
necessary. The damper shown in Fig. 3 will certainly have a tendency 
to assist the machine to fall into step again if it has fallen out of step 
owing to a disturbance on the system. I should expect Figs. 4 and 5 to 
have different shapes, since Fig. 4 applies to a squirrel cage, the resist- 
ance of which is approximately constant during the whole starting 
period, while Fig. 5 applies to the case of solid pole shoes, the virtual 
resistance of which varies considerably with the frequency of the rotor 
currents. 

In answer to Mr. Cramp, the rotary converter with a starting motor, 
transformer, and accessories is, as a rule, at least for larger units, not 
more expensive than the induction motor-generator. Where the rotary 
converter has to be fitted with a booster in order to give a wide range 
of voltage variation, the price sometimes works out higher, but the 
increased efficiency of the rotary converter even then pays for its higher 
cost in a very short time. Synchronous motors for larger sizes, say 
above 300 h.p. are not very much more expensive than induction 
motors. For small motors, however, say of 50 h.p., the synchronous 
motor will often cost 50 or even тоо per cent more than the induc- 
tion motor. With regard to Fig. 6, OA and OB are voltage vectors, 
and this is clear, I believe, from the last lines of the first paragraph on 
page 70. The inertia of the rotor has not by any means been omitted in 
the calculations on page 71, and the mechanical lag between force, 
speed, and displacement has been fully taken into consideration. The 
air-gap of a synchronous motor is large compared with that of an 
induction motor, but of course not larger than that of an alternator. 
The limiting condition for pulling into synchronism is explained 
at the top of page 72. I have not tried to start a rotary converter 
with alternating current from the commutator end. Mr. Burnand's 
experiment in this direction will be interesting to Mr. Cramp. 

Mr. Forrests remarks in regard to the reliability of synchronous 
and induction motors at high pressures are very interesting, and I fully 
agree with him. There have been some very unfortunate experiences 
in the past with induction motors of a comparatively low output at 
moderately high voltages, say, for instance, 300-h.p. motors at 7,000 
volts, or 500-h.p. motors at 11,000 volts. Frequent breakdowns were 
experienced at starting, while synchronous motors of the same output 
and voltage, when externally started and properly synchronized, were 
comparatively free from this trouble. Tap-started synchronous motors, 
however, will behave like induction motors, and the arrangement of 
Fig. 11 is designed to make a self-synchronizing high-tension motor 
quite as immune from current and voltage surges as the synchronous 
motor which is started by outside means and synchronized with the 
synchroscope. If Mr. Forrest wants to provide in a motor-generator 
the possibility of starting up from the continuous-current side when 
synchronizing, there is not the slightest difficulty in fixing a synchro- 
Scope across the high-tension oil switch of the synchronous motor in 
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the usual way. In the case of rotary converters the “indicating lamp ” 
shown in Fig. 8 allows this synchronizing to be carried out when start- 
ing up from the continuous-current side, and of course the lamp can be 
replaced by any other type of synchroscope. Such a synchroscope can 
also be fitted in the arrangements shown in Figs. 9 and ro. There is 
absolutely no more complication involved in using the self-synchro- 
nizing arrangement of converter and starting motor than in the usual 
arrangement of converter and low-tension starting motor connected 
to the low-tension side of the main transformer. Even if all arrange- 
ments are added to allow of starting from the continuous-current side 
there is not a single additional switch or any increase in their size 
compared with the arrangement preferred by Mr. Forrest. 

In reply to Dr. Kahn, if the speed of the rotary converter is 25 per 
cent below synchronous speed its voltage will be comparatively low. 
In the starting motor, therefore, a low voltage of different frequency 
is superimposed upon the line voltage, and the "slip periodicity " is 
rather high (25 per cent of the full periodicity). During every slip 
period the momentary voltage will vary from a minimum to a maxi- 
mum, and the torque with it. As, however, the slip frequency is high, 
the pulsations of the torque will be no more noticeable than, say, with 
a single-phase commutator motor running on a 12-cycle circuit, in 
which case the torque even varies every 1-25th of a second from zero 
to a maximum. When, however, the speed of the rotary converter 
nearly approaches synchronism, then of course the torque variations 
of the starting motor will become quite pronounced. We have not, 
however, to consider the starting motor by itself, but the combination 
of starting motor and rotary converter, and the predominating partner 
in the combination is the converter. If the starting motor is only 
designed with a low enough impedance, the synchronizing force of 
the converter pulls the machine into synchronism in spite of the torque 
variation of the starting motor. In the example worked out on page 72 
the synchronizing power of 45 kw. for a machine with an energy of 
50,000 m.-kg. stored in the rotating parts does not apply to the normal 
running, but to the starting conditions where the voltage per phase is 
considerably reduced. The machine in question was connected accord- 
ing to Fig. 1, the windings being in star for starting and in delta for 
running. For full voltage the synchronizing power would, of course, 
be three times as great, and the limiting value of the slip 1'7 times as 
great. The flywheel energy of the rotating parts in this example covers 
not only the rotor of the synchronous machine but also the load 
coupled to it. I have calculated various examples of flywheel 
generators coupled to reciprocating engines, and also of turbo- 
generators, and the values for the limiting slip on full voltage have 
worked out in the neighbourhood of 3 per cent at full voltage and 
Ij per cent at a starting voltage equal to half the running voltage. 

The rotary converter to which Mr. Moffett refers is not of the new 
self-synchronizing type with starting motor, but is tap-started. I quite 
appreciate Mr. Milns' view that a preferential tariff cannot be given 
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to a single customer installing an 80-kw. synchronous machine on a 
30,000-kw. system which has been laid out to cope with the existing 
average power factor. 

The apparatus described in Professor Robertson's communication 
is very interesting. I have not used stroboscopic observation for self- 
synchronizing machines, but I have no doubt that for didactic purposes 
this would be very interesting. The stroboscopic methods for showing 
angles of displacement, slip, and oscillations, are always very fascinating. 

Mr. Aldous's communication states very clearly the principles of 
design of the starting motor for ordinary synchronizing and for self. 
synchronizing, in both of which Mr. Aldous has had considerable 
experience. The suggestion to fit a starting motor for a 6-pole rotary 
converter with a 4-pole winding and a 6-pole winding connected in 
parallel is excellent, and has proved an entire success in practice. 
Mr. Aldous has by this arrangement made the synchronizing of 6-pole 
rotary converters, which at first gave some difficulty, quite as easy as 
that of machines with a great number of poles. "There is, of course, no 
reason why the same principle should not be applied in certain cases to 
machines with more poles. 

Mr. Napier's communication states very fully and lucidly the require- 
ments of starting mechanisms for rotary converters, and it is gratifying 
to read that he is strongly of the opinion that the new self-synchronizing 
method most nearly approximates to the fulfilment of the conditions 
laid down by him, and that after some months' experience he has found 
it very satisfactory. He mentions that the machine was not originally 
designed for this method of starting, and that the starting current is 
less than one-hálf of the full-load current. I would venture to suggest, 
however, that it is only the needle of the non-dead-beat instruments 
which swings at switching on to a point approximating half full-load. 
In testing this machine I have noticed the switchboard ammeter kicking 
at first to 120 amperes at 3,000 volts; but the needle immediately 
returned to about 60 amperes, corresponding with approximately 
300 k.v.a. on the high-tension side. This figure also corresponds with 
the calculated starting current of the motor in question and no-load 
current of the transformer. "That the machine referred tois more sensi- 
tive than other machines with regard to the setting of voltage before 
short-circuiting the starting motor is most likely due to the fact that 
this comparatively large machine is situated in the main station, and 
that no damping effect of the cables occurs. In a great number of 
other installations no indicating lamp is used. The sparking occurring 
during the few seconds in which the machine is pulling into synchron- 
ism is certainly negligible compared with the sparking on even much 
smaller machines which are tap-started. When the voltage of the 
rotary converter has not fully built up whilst the starting motor has 
brought the converter up to synchronous speed, the machine will run 
above synchronous speed, but returns to this speed, thereby setting up 
oscillations which will disappear only after some time. The possible 
explanation for the different behaviour under apparently similar 
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conditions may be the state of the brush-gear or the commutator 
surface, which may more or less favour the building up of the field. 
Possibly also the conditions under which the machine has been 
switched off may slightly increase or reduce the residual magnetism. 

Mr. Bowden mentions that the polarity of his 1,000-kw. rotary 
converter could only be reversed by the application of a separate 
magnetizing current. Asfar as I understand his remarks, it refers to 
the machine being supplied by the makers with a residual magnetism 
in such a direction that it has built up the voltage in a direction oppo- 
site to the voltage of the busbars to which it should have been 
connected, and that the reversal by the external magnetizing current 
was necessary because the alternating current flowing through the 
starting motor into the converter would not reverse the residual 
magnetism. This is quite natural. The starting motor of this machine 
is so dimensioned that its starting current does not exceed approxi- 
mately 30 per cent of the full-load current of the converter, and, as 
explained in the paper, it is not possible to extinguish, with such a 
current, the residual magnetism of the converter. Therefore, if the 
machine is started up with the field open-circuited, it makes no 
difference when the field switch is closed. With regard to the position of 
the continuous-current voltmeter and the short-circuiting switch for the 
starting motor, the standard arrangement of the British Westinghouse 
Company is to fix next to therotary converter a starting panel consisting 
of the three-pole switch short-circuiting the starting motor, a con- 
tinuous-current voltmeter, the field switch and field rheostat, and a 
low-tension switch in series with the starting motor where required. 

With regard to the general advantages or otherwise of the new 
method of self-synchronizing rotary converters over the known methods, 
contradictory opinions have been expressed by the various speakers. 
While Mr. Orsettich, Dr. Smith, and Mr. Forrest assert that the existing 
methods are entirely satisfactory, and that the new method does not 
present any improvement, there are, on the other hand, Professor 
Walker, Mr. Seabrook, Mr. McKenzie, Mr. Peck, Mr. Hollingsworth, 
Mr. Napier, Mr. Barrs, and Mr. Bowden, who to a great extent from 
actual experience find certain advantages in the new method. As a 
number of such machines are already installed, and many more are 
being installed, further experience will soon show which opinion 
is justified. 
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COMPARATIVE NOTES ON INDEPENDENT 
STEAM CONDENSING PLANTS 


By W. A. DEXTER. 


(Paper received 28th November, 1912; read before the YORKSHIRE LOCAL 
SECTION 15th Sanuary, and before the NEWCASTLE LOCAL SECTION 
Io/h March, 1913.) 


ABSTRACT. 


The author proposes to consider a few of the later forms of surface 
and jet condensing plant, principally such as are used in connection 
with steam turbines driving electrical machinery ; and also to deal 
with various types of air pumps, both reciprocating and rotary, the 
efficient working and maintenance of the same being discussed. 

For reciprocating engines of the low-speed type, there is no doubt 
that the attached condenser and air pump is the most efficient type ; a 
high vacuum is not required, say 26 in. at the condenser, and the pump 
could not be more economically driven than directly from the main 
engine piston rod or crosshead. In cases where the main engine is 
overloaded, and there is sufficient steaming power in the boilers, it may 
prove an advantage to disconnect the pumps and install a separate 
steam-driven set. 

High-speed engines should be considered on the same lines as 
turbines, though it is not, of course, advisable to aim at so high a 
vacuum ; a vacuum of 26 in. to 264 in. is quite sufficient for economical 
working, this limit being decided by the question of cylinder conden- 
sation and the practicable area of cylinder ports. 

For steam turbines, and especially the low-pressure type, a high 
vacuum is really essential; but even here it is possible to aim at too 
high a vacuum for overall efficiency where there is not a good natural 
supply of cooling water at a low temperature. 

In a paper read by the author before the Manchester Association of 
Engineers in January, 1911, he showed by diagrams that for a certain 
set of conditions dependent upon the cost of fuel and electric current, 
the highest overall efficiency was obtained in a high-pressure steam 
turbine installation by a vacuum of 28:6 in. with cooling water at 60° F., 
28:2 in. with water at 70? F., and 271 in. with water at 80° F., these 
figures referring to plant of the surface type. These figures, however, 
require certain modifications to suit the particular conditions of each 
installation ; they will be affected by fuel costs, the cost of generation 
of electric current, and the condition of the water supply. They do, 
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however, clearly prove that it is possible to aim at too high a vacuum 
even with steam turbines. 

There are two distinct types of condensing plant : “surface,” where 
the steam and condensing water are separated by a metal tube or plate, 
and “jet,” where the steam and water become intermixed. The evapo- 
rative condenser, usually fixed on the roofs of buildings, may be classed 
with the former type; but, although it takes probably less water than 
any other type, it is cumbersome, expensive, and has many undesirable 
features preventing its more universal adoption. 

'The ejector condenser and the barometric jet condenser without air 
pumps are simple, and low in first cost, but they are not very reliable. 
They become very unreliable in action unless air leakage is kept down 
to a minimum amount. The author therefore selects as being the 
most practical and efficient for general conditions— 


I. The counter-current surface condenser. 

2. The low-level jet condenser. 

3. The elevated self draining jet condenser with air pump, often 
termed “barometric” or “ Torrecellian." | 


SURFACE CONDENSERS. 


The surface type of condenser possesses many advantages over 
other types, though its initial cost is generally higher. The cost of 
operating the air and water pumps is lower, this being due to the fact 
that the condensing water is kept out of the vacuum chamber of the 
condenser. Where the condensing water is obtained from a natural 
source of supply, such as a river or canal, it is possible to keep down the 
power required for operating the circulating water pump to a relatively 
small figure by discharging below the water-level, thus obtaining 
syphonic action. In the case of a tidal river this method of working 
gives a constant head on the water pump, whereas otherwise it would 
be necessary to allow for varying suction level and static head by con- 
` stantly regulating the speed of the pump or the opening of the injection 
valve. | 

The water of condensation may be used over and over again, giving 
a pure feed supply to the boilers. When working in connection with 
reciprocating engines it will be necessary to remove any oil passing 
over with the exhaust steam. This can be done by means of an exhaust 
steam oil-separator, or by chemical precipitation and filtration of the 
condensed water between the air-pump hotwell and the feed pumps. 
As oil deposit on the condenser tubes greatly reduces the transmission 
of heat, the best method is to fix a separator in the exhaust main ; 
but as this does not extract all the oil, it may be necessary, especially 
when working with water-tube boilers, also to install a chemical filter 
in the feed-water main. 

Further, it is possible to keep a check on the steam consumption of 
the main engine or turbine by measuring the quantity of water dis- 
charged by the condensed-water pump. 
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А point which requires careful consideration before deciding on a 
surfacc type of plant is the liability to corrosion or pitting of condenser 
tubes. This may be caused by local electrolytic action, stray electrical 
currents, etc., and it requires only very slightly acidified condensing 
water to convey these electrical currents from one part of the tube to 
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another. The author has found this trouble most prevalent where 
cooling towers are used. In certain cases the first analysis has shown 
the water to be almost pure and good for drinking purposes, but there 
has been a very slight acidity quite sufficient to convey local electrical 
currents between the different metals forming the alloy of the tubes. 
Many different mixtures of tubes have been tried with only partial 
success, and the trouble has in certain cases only been overcome by 
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periodically adding a certain quantity of lime to the water in the cooler 
tank, sufficient to produce a neutral solution. This corrosion and pitting 
trouble is also very prevalent where sea-water is used for condensing. 
Zinc and sometimes mild steel plates are fitted into the water chambers 
of the condenser and connected by mild steel studs to the tube plates, 
the idea being that these plates will be of negative polarity to the metal 
of the tubes, and thus be gradually decomposed instead of one of the 
metals of the tubes. 

Design and Efficiency of Surface Condensers.—The most efficient con- 
denser is one in which each pound of condensing water takes up a 
maximum number of heat units, i.e. where the condensing water leaves 
the condenser at a temperature equivalent to the temperature of the 
exhaust steam ; at the same time the condensed water should be with- 
drawn at as high a temperature as possible for a given set of conditions. 
If this can be obtained with a small ratio of cooling surface to weight of 
steam condensed so much the better, on account of the space occupied 
by the plant, otherwise it resolves itself simply into the cost of the con- 
denser to attain these results. In practice it is found that it does not 
pay to aim at so high a discharge temperature for the water, and the 
best temperature difference between the exhaust steam and the dis- 
charge cooling water will depend on the inlet temperature of the water. 
For instance, where there is a plentiful supply of cold water a greater 
temperature difference should be allowed than where cooling towers 
are used ; also for lower degrees of vacuum, the temperature of the 
steam being correspondingly high, a greater temperature difference 
should be taken than for a high vaccum. 

The curves in Fig. 1 indicate what may be taken as fairly good 
allowances for temperature difference for various inlet water tempera- 
tures and vacua. The above does not of course take into account the 
best vacuum for steam turbines with a given temperature of cooling 
water. Fig. 2 is a series of curves showing the ratio of condensing 
water per pound of steam condensed for different degrees of vacuum 
and inlet water temperature, based upon the temperature differences 
given in Fig. т. | 

The question now arises, what is the best form or design of 
condenser to adopt, and what particular features tend towards 
improved efficiency ? 

Having fixed upon the outlet temperature of the cooling water 
and consequently upon the quantity of cooling water and horse- 
power to be expended in pumping, then, leaving out the question of 
space occupied, which is less important in land than in marine work, it 
becomes a question of what is the cheapest design or form of con- 
denser that will give these results. For a given cooling surface the 
cheapest form of condenser is certainly onc of circular section, 
relatively small in diameter and long between the tube plates ; but it 
will probably be found that a greater heat transmission per square foot 
of cooling surface can be attained by a condenser of different shape 
and design, and the point is to find out what are the features which 
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govern the efficient condensation of the steam, with the object of 
securing a design of condenser which will condense a given weight of 
steam for a minimum cost of manufacture. 

It has been shown by many investigators that high steam and 
water velocities through a condenser are conducive to increased heat 
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transmission per square foot of cooling surface; it is therefore 
advisable that the velocity of the steam as it passes through the 
condenser should be maintained as near as possible to the velocity at 
the inlet branch. Anything which will retard the flow of steam or 
cause eddies should be avoided. 

The volume of air entering the condenser with the steam is but a 
small proportion of the total volume of the steam and air, but as the 

VoL. 51 9 
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fluid passes through the condenser the steam becomes condensed, until 
at the air-pump suction branch or outlet of the condenser the air forms 
a very large proportion of the air and vapour mixture, and as the 
pressure throughout the condenser should remain nearly. constant, the 
area of the path of flow near the outlet may be considerably reduced 
from that at the inlet. This condition would therefore suggest that the 
condenser should be of conical or peg-top shape, but as this would not 
be suitable for the disposition of the tubes, we are led to a condenser 
whose cross-section only is of wedge or pear shape, and arranged 
longitudinally so that the tube plates are parallel and the tubes of equal 
length to each other. 

It will further be admitted that to obtain the best results the steam 
on entering the condenser should be directed equally over the whole 
surface of the upper row ef tubes, and that in its passage through the 
condenser each square foot of tube surface should condense an equal 
volume or weight of steam. То obtain this the steam inlet branch 
should be of large dimensions, preferably of rectangular shape, and 
following closely the contour of the top part of the condenser body. 
Directing plates may be fitted. into the distributing chamber, as to 
direct the steam cqually over the whole surface of the tubes the air 
and uncondensed vapour should, as nearly as practicable, be drawn off 
equally from the full surface of the tubes at the outlet end. 

If the water of condensation, or condensate, is withdrawn by a 
pump separate from that which deals with the air, and is to be used 
for feed purposes, then the condensate should be removed at as high 
a temperature as possible consistent with the vacuum desired. If, 
however, one set of pumps is used to deal with both air and water, 
then it may be advantageous to cool the condensate by allowing it to 
submerge a few of the bottom rows of tubes ; excepting for compara- 
tively small installations the separate air- and water-pumps give thc 
better efficiency. A condenser approximating to the above-mentioned 
condition is shown in Fig. 3. 

As will be secn, in this case the tubes are divided into four nests 
and the condensing water is arranged to travel four times through the 
full length of the condenser. The number of passes of the water will 
depend on the ratio of the area of the condenser or the number of 
tubes to the tube length, also on the quantity of cooling water to be 
circulated. If the quantity of water per tube is high and there are, 
say, four passes, the water friction losses will be great and will result 
in considerable power being required for pumping ; in such cases it 
would be better to arrange for not more than three, or even two, passes. 

Much has been written in recent years on the design of condensers 
giving high rates of heat transmission persquare fo ot of tube surface ; 
but the manner of obtaining these results should be carefully noted. 
In many instances the tests have been carried out with very low inlet 
temperatures of the condensing water, and the results are somewhat mis- 
leading, as it will be found that the rate of heat transmission falls very 
rapidly when using water of higher temperatures, such as where arti- 
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ficial cooling has to be resorted to; also there is a great difference 
where dirty water is used. Further, very high transmission rates have 
been obtained by causing the water to pass through the tubes at high 
velocities and by breaking up the flow through the tubes. "Various 
kinds of cores have been fitted in the tubes, such as triangular-shaped 
laths, etc., but there are many objections to these devices, such as 
excessive friction losses and the choking of tubes if the water is not 
very clean. 

The author's firm have carried out a number of tests on steam evapo- 
ration on these lines, and obtained very remarkable results in heat 
transmission by the use of a certain design of core. In one case they 
obtained with low-pressure steam an evaporation rate of 110 lb. of 
water per square foot; but this was with clean water. When using 
slightly dirty water, which tended to deposit impurities on the surface 
of the tubes, the heat transmission rate fell very rapidly. These points 
must therefore not be lost sight of. 

In regard to the best diameter of tube to be employed, this de- 
pends to a great extent on the conditions of the water supply. If this 
is very clean then a tube of §-in. diameter may be employed. Three- 
quarters of an inch outside diameter is the standard used by most manu- 
facturers, but where the water is more or less dirty it may be 
necessary to increase the diameter to 1 in. or even more. 

As the air pumps used for surface condensers are of similar design 
to those required for jet condensers, the author proposes to deal first 
with different types of condensers and then to consider various types 
of air pumps which are suitable both for surface and jet installations. 


JET CONDENSERS. 


Where the cooling water contains a large amount of foreign 
matter liable to choke the tubes of a surface condenser, or contains 
salts which would form a scale on the tubes and thus retard the 
transmission of heat, or is of a nature which may cause corrosion or 
pitting of tubes, or where it is not desired to collect the condensed 
steam for boiler feed, then it would be advisable to adopt a con- 
denser of the jet type where the water and steam become intermixed. 

It is a cheaper type of plant as regards initial cost than the surface 
type, but generally speaking it requires more power for the operation 
of the pumps. j 

In the low-level type the injection water is usually drawn into the 
condenser by the vacuum, but it is necessary to withdraw the water 
from the condenser by means of a pump against a suction resistance 
equivalent to the vacuum, say a head of from 28 to 32 ft. A separate 
pump should be used for dealing with the air and incondensable 
gases. Unless certain precautions are taken there is a risk with this 
type of plant of flooding the turbine or engine. 

In the barometric or Torrecellian type, except in very rare cases, it 
will be necessary to pump the water into the condenser ; but no pump 
is required to extract the water, as the condenser, bcing fixed at a 
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barometric height, will be self-draining. The air pump will be the 
same as for the low-level plant. The pumping power will be smaller 
for the barometric than the low-level type, as the full effect of the 
vacuum can be utilized in raising the water to the condenser. Itis a 


FiG. 4. 


safer and easier plant to operate, as if properly designed there is no 
risk of water flooding the exhaust pipe and thence the turbine or engine. 
It is more expensive than the low-level type on account of the longer 
length of steam-, air-, and water-pipes required ; also, on account of the 
long exhaust main, it will be necessary to design the plant for a little 
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higher vacuum in order to maintain an equivalent vacuum at the 
turbine. 

Condensers for low-level jet and barometric jet with air pumps 
will be similar in design for a given set of steam and water conditions. 
In practically all cases the water enters at the top and is discharged at 
the bottom of the condenser. "The highest heat transmission efficiency 
will be when the water leaving the condenser is at the same tempera- 
ture as the incoming steam, though this condition could not be attained 
unless there was absolutely no air present in the condenser. This 
result can be most nearly attained by arranging for the steam to enter 
at the bottom of the condenser, the air and uncondensed gases being 
drawn off at the top. This gives a counter direction of flow for the steam 
and water ; also the coldest part of the condenser is at the top and 
the hottest at the bottom, the water being gradually raised in n tempera- 
ture during its passage through the condenser. 
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This type of condenser is usually of cylindrical shape and can be 
arranged with its axis horizontal or vertical. The author considers 
the latter arrangement preferable. The water may be made to fall over 
the edges or sides of suitable trays; the best condensing effect will 
probably be attained by causing the water to fall in the form of fine rain, 
but generally this requires very small perforations in the trays, which 
are likely to be stopped up unless the cooling water is very clean. 

Fig. 4 shows a section of a vertical type of jet condenser fitted with 
three distributing trays; these trays are perforated with elongated 
holes about 3 in. by 2$in., which give a very good distribution and 
breaking up of the water, and at the same time allow the use of fairly 
dirty water. Where the water is very dirty the holes are left out, the 
trays made shallow or in the form of a flat plate, and the water then 
falls over the edges in the form of a cascade, suitable openings being 
arranged in the cascades to allow for the passage of the uncondensed 
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Steam and gases. The air is drawn off at the top of the condenser 
after passing through the coldest condensing water, and is therefore 
of a minimum volume. Where dry-air pumps are used, it is advisable 
to fita water separator in the air suction-pipe ; the water from this 
separator is drained to the condensing-water outlet pipe. With the 
condenser as illustrated, the author has seen a number of tests carried 
out under full load conditions where the water has been discharged at 
a temperature within 1 or 2 degrees of the exhaust steam temperature. 

Fig. 5 shows a horizontal form of jet condenser. There are two 
water distributing troughs, each fitted with a large number of short 
tubes. Immediately under these tubes there are fitted flat circular 
plates with serrated edges. The water flows from each trough through 
the tubes and over the edges of the plates, forming a large number of 
cascades, around which the steam flows in its passage through the 
condenser. 

There are numerous modified forms of condensers similar in 
principle to those illustrated in Figs. 4 and 5, the water being 
arranged to fall either in the form of jets or cascades. The general 
principle, however, is the same as in those illustrated. 

For a good counter-current jet condenser and for the Leblanc 
multi-jet type with reasonably good air conditions, it is safe to allow 
for the condensate and injection water being discharged at a tem- 
perature within 4? of the temperature corresponding to the vacuum, 
and in Fig. 6 curves are drawn showing the ratio of injection water to 


steam condensed at variousWdegrees of vacuum and for a temperature 
difference of 4? F. 


AIR PUMPS. 


The various types of air pumps in most common use during recent 
years may be classified as follows :— 


I. The reciprocating wet-air pump, either single or double acting, 
having foot, bucket, and delivery valves. 

2. The reciprocating valveless suction-pump of the wet-air type. 

3. The reciprocating dry-air pump almost identical in design to a 
steam engine cylinder with D slide valve having equalizing 
ports. 

4. The rotary air pump, usually a combination of a centrifugal 
water-pump and an ejector. 


It may be well here to consider briefly the approximate amount and 
effect of air in condensers. 

In the first place it must be noted that the absolute pressure in a 
condenser is the sum of the pressure corresponding to the vapour 
tension of the condensed water and the pressure due to the volume of 
air present in the condenser. 

The air pump should therefore be of such a capacity and efficiency 
that it will effectively deal with the amount of air passing through the 
condenser, in a highly attenuated state or at low absolute pressure, thus 
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closely reaching an absolute pressure in the condenser equal to the- 
vapour tension of the condensed water. The pressure of air in a 
surface condenser greatly reduces the rate at which heat is transmitted. 
The amount of air passing through a surface condenser will be 
simply that due to leakage at glands, pipe joints, etc., and to the small 
amount present in the boiler feed water which will pass over with the 
steam ; there will be a much greater amount in the case of a jet 
condenser, as, in addition to the above, there is the amount of air 
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present in the injection water, which latter may be from зо to бо times 
the volume of the feed water. 

The amount of air present in the feed or injection water depends 
greatly on the source of supply, and may be anything from 14 to 5 per 
cent of the volume of the water. The author has known cases of cool- 
ing towers with very shallow tanks and suction-boxes close to the water- 
level where the amount of air passing to the condenser in the injection 
water was considerably morethan the 5 per cent, but these cases are 
abnormal and should be met by separating the air from the water before 
it enters the condenser. Most cases will be satisfactorily met by 
allowing for a 2 per cent volume of dissolved air. 
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'The amount of air entering bv leakage may vary to an exceptional 
degree in different installations ; it would be very unwise to install an 
air pump to meet exceptional air leakage, and instead particular care 
should be given towards eliminating as far as possible such air leakage. 
All pipe joints should be as carefully made as though they had to 
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stand a steam pressure of 300 lb. Some people seem to think almost 
anything will do to meet atmospheric pressure. Low-pressure engine 
glands should be very carefully packed, turbine glands should be water- 
or steam-sealed, the latter being preferable, and for high vacuum it is 
better to have all valve spindles water-sealed. The exhaust mains, if of 
cast iron, should be of close-grained metal, and care taken in the fixing 
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of chaplets when casting; piping built of mild steel plates, if well 
made, makes the best job. 

In a high-pressure turbine installation kept in good condition, with 
the condenser fixed close to the turbine, the air leakage should be 
within, say, 6 lb. per 10,000 lb. of steam, or the equivalent to what 
would pass through a 3-mm. diameter expanding nozzle per 22,000 Ib. 
of steam per hour. | 

For a plant connected to a single reciprocating engine, the weight 
of air allowed for should be that equivalent to what would pass through 
a 4- or 5-mm. diameter nozzle per 22,000 lb. of steam condensed. Ex- 
haust-steam turbine installations require careful attention. The pres- 
sure in the engine low-pressure cylinder and the exhaust main up to 
the turbine should always be kept 1 to 2 lb. above atmospheric pressure. 

In Fig. 7, which applies only to surface condensers, curves are 
drawn representing the actual volume of air to be allowed for at 
different degrees of vacuum, expressed in cubic feet per pound of steam. 
The upper curve refers to turbine plants with directly connected con- 
denser, and the lower curve to an engine with directly connected 
condenser. If two or more turbines or engines are connected to a 
central condensing plant the allowances will require to be increased. 

The curves are based on a 3 per cent volume of air in the feed 
water and an air leakage equal to a 3-mm. diameter nozzle per 
22,000 lb, steam per hour for a single turbine, and a 5-mm. diameter 
nozzle for one reciprocating engine at the same steam duty. Where 
more than one turbine or engine is connected to one condenser it is 
advisable to allow for an extra air capacity in the pump, say Io per 
cent extra for each turbine, other conditions remaining the same. 

Fig. 8 shows the number of cubic feet of air to be allowed for at 
different degrees of vacuum for the air contained in the injection 
water, and is, of course, applicable only to jet condensers. Four curves 
are shown for a 1, 2, 3, and 4 per cent volume of entrained air ; the 
horizontal scale is based on cubic feet of air per pound of injection 
water. 

To fix up the size of air pump for a jet condenser on the lines 
indicated, the author takes the following example :— 


Duty, 10,000 Ib. of steam per hour; vacuum, 28 in. (bar. 30 in.) ; 
water, 80° F. 
From Fig. 6. Injection water = бо times the steam. 
From Fig. 8. 2 рег cent curve 
at 2 in. abs. ... m ... == 0'0054 cub. ft. per lb. of water. 
Volume of air in injection water 
(per lb. of steam condensed) = 0'324 cub. ft. 
Volume of air by leakage (same 
as for surface plant), Fig. 7 = 0'150 cub. ft. 


Total per lb. of steam condensed 0474 cub. ft. 
10,000 X 0'474 = 4,740 cub. ft. per hour required, or say 
24 lb. of air per hour. 
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It must not be overlooked that this figure is the actual volume of air 
which must be discharged by the pump, and full allowance must be 
made for the volumetric efficiency of the type of air pump employed. 

We may now consider the various types of air pumps referred to on 
page 135 :— 

The reciprocating wet-air pump with foot, bucket, and delivery 
valves—these have mostly been used in the past in connection with 
low-speed reciprocating engines, and driven directly from the piston 
rod or crosshead. "They have in recent years been almost superseded 
by the Edwards type of valveless suction pump, which comes under 
Section 2. The principal objection to this form of pump is the 
complication of valves, and especiallv the inaccessibility of the valves 
in the bucket. 

The most notable example of this pump is the Weir dual air pump. 
This is a combination of two independent air pumps, one dealing 
with air and vapour and the other dealing with the condensed water. 
The special feature is that in the wet pump the condensed water is 
discharged at a temperature approximating to the temperature corre- 
sponding to the vacuum, and that in the pump dealing with the air 
and vapour the water for dealing purposes is much colder than the 
condensed water, thereby enabling this pump to withdraw a mixture 
richer in air, due to vapour condensation, and of greater density. This 
result is obtained by having a special water service and passing this 
water through an auxiliary condenser after its discharge and before its 
re-entrance to the suction of the pump. Theair displacement efficiency 
of this pump will be fairly high, but the objection is the large number 
of valves and their inaccessibility. 

The air and vapour pump does not discharge direct to the atmo- 
sphere, but to the discharge side of the wet pump. It is claimed that a 
reduction in driving power is obtained by this method, as the air 
is discharged against a pressure of about 6 in. of mercury instead of 
against the atmospheric pressure of 30 in. of mercury. This, however, 
only has the effect of reducing the clearance losses, as the air must 
eventually be discharged by the wet pump against atmospheric 
pressure. 

2. The reciprocating valveless suction pump is almost completely 
represented by the Edwards patent pump. This pump is so well 
known that it is unnecessary to describe it in detail. Its main feature 
is its simplicity, there being only one set of valves, and these being 
in the delivery plate they are easily accessible for attention and re- 
placement. The volumetric efficiency of this pump falls rapidly at a 
high vacuum when the air is very attenuated ; similarly it drops very 
much when the speed increases, so much so that when the speed of the 
pump rises above a certain point the air displacement falls even below 
that at a lower speed. 

3. The author's firm supply a form of reciprocating dry-air pump 
which has, no doubt, the highest volumetric air displacement efficiency 
of any reciprocating type of air pump. It is only intended to deal with 
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dry air; any water of condensation must be dealt with separately. It 
is particularly suitable for the jet type of condensing plant where large 
volumes of air have to be dealt with, and also for large surface con- 
densers, especially when these are connected to a number of engines 
with long lengths of exhaust piping. 

4. Following the rapid development and adoption of steam turbines 
in place of reciprocating engines for general power purposes, much 
attention has recently been given to rotary auxiliaries, and especially to 
air pumps, but only a few of these latter have met with much success. 

There are over 14,000 Leblanc installations now at work. "They are 
in successful use connected to steam turbine units of 15,000 kw. 
capacity. The characteristic of this pump is a water ejector, in 
which the necessary kinetic energy of the water is produced in the 
apparatus itself by a reversed turbine of partial injection. 

The great advantage of rotary air pumps is their extreme simplicity 
and the small number of moving parts, usually only an impeller and 
shaft, and being adaptable for direct driving from an electric motor, 
a high-speed engine, or a turbine, all the usual gearing troubles are 
eliminated. 

The vertical-spindle type is very suitable where floor-space is 
limited. At the Asniéres electric power station, near Paris, there are 
several large turbo-alternators—one of 15,000 kw. capacity. The 
condensers are of the surface type and are placed in the basement. As 
at certain times this basement has been flooded by the overflowing of 
the River Seine, the pumps are arranged with a vertical spindle and are 
placed in the basement at the proper level to suit the condenser. The 
spindle is extended and the driving motor is fixed above the turbinc- 
house floor. 


GENERAL ARRANGEMENT OF DIFFERENT TYPES OF 
CONDENSING PLANT. 


The author now proposes to consider briefly a few standard arrange- 
ments of both surface and jet plants. There is no need to dwell in 
detail on circulating or injection water pumps. These are now almost 
exclusively of the centrifugal type. It is now possible to obtain high 
efficiencies (W.H.P./B.H.P.) with this type, and they lend themselves 
admirably to direct driving from electric motors or small steam tur- 
bines. The water is delivered in a regular stream, and thus there are 
none of the shocks on condenser casings and piping as might be the 
case with reciprocating water pumps. 

Surface Condensers.—Fig. 9 shows the arrangement of a surface 
condensing plant as installed at the Usine de Tuiliere for the 
Bordeaux Tramways. The steam duty is 92,500 lb. per hour, the 
vacuum being 284 in. with condensing water at 65? F. 

The condenser is wedge shaped, having 14,000 sq. ft. of cooling 
surface. It is arranged to lie on its side on account of the shallow 
basement of the station. The air pump is of the horizontal recipro- 
cating dry slide-valve type, motor-driven through gearing. The con- 
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densed water is dealt with by a vertical-spindle centrifugal pump ; the 
head on this pump being great in relation to the quantity of water, it 
is necessary to adopt a multi-stage pump, and there are in this case 
four impellers working in series. The circulating pump is of the 
low-lift centrifugal type delivering 9,720 gallons of water per minute. 

Fig. то is an illustration of a surface condensing plant with 
Mirrlees-Leblanc rotary air pumps. It is working in connection with a 
6,000-kw. high-pressure steam turbine at the Pinkston station of the 
Glasgow Corporation Tramways. The condensed water and the main 
circulating pumps are both of the centrifugal type, and the three pumps 
are direct driven by a 120-h.p. steam turbine running at 2,000 revs. per 
minute. The circulating water pump deals with 6,000 gallons per 
minute ; and as the water is taken from and discharged back to a canal, 
syphonic action is attained, the head on the pump being very low in 
relation to the quantity of water, viz. 18ft. This condition necessitates 
a special design of pump, and the one in question has four impellers 
working in parallel with each other, i.e. each impeller discharges 
1,500 gallons per minute against a head of 18 ft. The blades of the 
impellers are of a very special shape. 

It will be readily seen that this makes a very simple and compact 
arrangement of pumps, which can be fixed in an archway formed in 
the turbine foundations. There is no gearing, which is so often the 
béle noire of an otherwise satisfactory plant. In the Pinkston installa- 
tion the pump turbine will in the ordinary way exhaust slightly above 
atmospheric pressure into a feed-water heater. Alternatively it can be 
made to exhaust into the main condenser or direct to the atmosphere. 
Steam-driven auxiliaries have a distinct advantage over electrically- 
driven, in that they are not in any way affected by a disturbance of the 
electric supply. In the case of a single-unit plant the pumps can be 
started up before the turbine, and a full vacuum obtained in the 
condenser ready for the starting up of the turbine. This, of course, 
does not usually apply to a large central power station where there are 
always one or more generating sets at work, though even here there are 
many chances of an electrical disturbance taking place which may 
cause a drop in the voltage and in the speed of the pumps, and so 
a temporary loss of vacuum resulting in the main turbine going over to 
atmosphere. Besides, if the pump turbine along with the steam from 
other auxiliaries can be made to exhaust through a feed-water heater, 
the resultant efficiency will probably be greater than with electrically- 
driven plant. 

Another surface installation (Fig. 11) which may be of interest 
is at the Leeds Electricity Works. It was built by the author's firm to 
meet the requirements of Mr. H. Dickinson. Mr. Dickinson had ex- 
perienced a great amount of trouble with his earlier surface condensers 
on account of the very dirty condensing water available, this being taken 
from the River Aire. This river water contains a large amount of trade 
refuse, consisting of oily and woollen material discharged from the 
woollen mills higher up the river, and at certain times of the year large 
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quantities of dead leaves and mud are carried down. This causes 
excessive silting up of the condenser tubes, necessitating, the author 
believes, cleaning the condensers almost weekly at certain periods of 
the year. The new condenser for the turbine sets was therefore 
designed to obviate this trouble as far as possible, and in the follow- 
ing manner. | 

First the tubes are of extra large diameter, 13 in. When the water 
conditions are unfavourable it is arranged so that the water flows 
only once through the tubes, entering at the top of the condenser. The 
tubes are expanded into the top tube-plate, and on this plate there is 
fitted a cover-plate having trumpet-shaped holes exactly coinciding at 
the bottom side with the bore of the tube. This is to prevent any 
sharp edges which would be likely to catch and hold the woolly 
material in the water ; in fact, this principle is carried throughout the 
condenser, and as far as possible there are no sharp edges, every passage 
for the water being well rounded off. The top water-box is specially 
deep and open at the top, excepting for a light cover, which is quickly 
opened at will. Whilst the plant is in operation the tubes can be 
cleaned by inserting a brush rod from the top open end. 

Further, the water-pipe connections from the centrifugal pump to 
the condenser and the discharge pipes from the latter are so arranged 
that the direction of flow of water through the condenser can be 
reversed. This is easily followed from the illustration, Fig. 11. When 
the river is fairly clean the water can be made to pass twice through 
the full length of the condenser. Inthis case a division plate is lowered 
in the top water-box dividing it into two compartments. 

The two plants of this type at present in the station are each capable 
of dealing with 65,0001Ь. of steam per hour: The author's firm have 
now in course of construction a third set capable of dealing with 
130,000 lb. of steam per hour. 

Barometric or Self-draining Fet Condensers.—A typical example of 
this type of plant is shown in Fig. 12, and refers to an installation at 
the works of Messrs. David Colville & Sons, Ltd., Motherwell. It is 
designed to take the steam direct from two or three sets of rolling-mill 
engines, and has a steam duty of 180,000 lb. per hour, giving a vacuum 
of 27 in. with cooling water at 80° F. The condenser is mounted 
on a mild steel structure at such a height as to allow the water to be 
self-draining into a sump-tank at the foot of the structure. The 
exhaust steam enters at the bottom and the cooling water near the top 
of the condenser, thus giving a counter-current flow. The air is drawn 
away from the top of the condenser, and after passing through a water 
separator is led to the air pump. This is of the horizontal dry slide- 
valve type, having two air cylinders 28 in. diam. by 24 in. stroke 
fixed immediately behind the high- and low-pressure cylinders of 
a cross-compound steam engine. The water-pumps are divided into 
half-duty units, viz. two injection and two hot-water pumps. The 
pumps are of the centrifugal type electrically driven. The injection 
pumps are designed to deliver 320,000 gallons per hour. In this 
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particular case the internal arrangement of the condenser is of rather 
special design in order to meet the very intermittent nature of 
the load. 

A further point of note is the very great length and volume of the 
exhaust steam main, consequent on it being impossible to fix the 
condensing plant near the engines. There are two exhaust mains, one 
48 in. and the other 56 in. diam., and about 300 ft. in length. 
With exhaust steam mains of this size and length great care must be 
taken to support them efficiently, and also to allow for expansion. 
Care must also be taken to make the joints airtight. Although the 
exhaust mains are of such a great length, there is not more than }-in. 
drop in vacuum between the condenser and the mill engines when 
working at full load, and the fluctation in the vacuum between full and 
no load does not exceed + in. 

Leblanc Combined Mulli-Tet Condenser and Rotary Pumps.—A 
plant of this type is illustrated in Fig. 13. It consists of a con- 
densing chamber which is practically an extension of the turbine 
exhaust-pipe at the upper and steam inlet end. The injection water 
is sprayed through a number of special-shaped nozzles which break 
up the water in such a manner as to give a thorough mixing of the 
steam and water and a high condensation efficiency. The mixture of 
condensed steam and water falls through a combining cone to the 
bottom of the condenser, and from thence is discharged by a specially 
designed water-extracting pump. The freed air is drawn away from 
the top of the condenser between the combining cone and the outer 
shell. The casings of the air and water pumps are bolted together, and 
the casing of the latter is rigidly bolted to the condenser shell, the 
whole forming a very compact and self-contained unit. The impellers 
of both the air- and water-pumps are mounted on a common shaft, and 
this may be driven directly from an electric motor or small steam 
turbine. The water-pump can, if required, be designed to deliver the 
water direct to a cooling tower or to spray cooler nozzles. The sealing 
or operating water for the air-pump can be drawn from and returned 
to the same source as the injection supply. 

Two usual and convenient arrangements are shown in Figs. 14 
and 15. In the first arrangement both injection and air-pump sealing 
water are drawn from a cold well which may be placed adjacent to or 
some distance away from the condenser. The air-pump water is 
discharged back to this cold well, the small amount of heat taken up 
by the water being easily dissipated in the large quantity of water 
passing through the well. 

In the second arrangement an independent well is provided for 
the air-pump water. The water is drawn from and discharged back 
to this tank; a division plate in the tank allows for the separation 
of the discharged air. To keep down the temperature of this water a 
small amount of make-up water is admitted through a ball-float cock, 
and the same quantity of hot water is drawn into the condenser and 
discharged by the water-extracting pump. This sealing water-tank 
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can be placed on the basement floor or arranged below it. The 
former requires a little more power, but not much, and it has the 
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advantage that the air-pump is self-priming, and if a temporary 


abnormal air leakage into the condenser takes place the air pump will 
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never be thrown out of action. Referring back to Fig. 13, it will 
be noticed that a vacuum breaker is attached about midway on the 
condenser shell, but although this precaution is taken this type of 
plant is really very safe from the risk of flooding. 

In Fig. 16 there is shown a very compact and typical arrangement 
of a medium-sized surface condenser with Leblanc rotary air and 
condensed water pumps. 


DISCUSSION BEFORE THE YORKSHIRE LOCAL SECTION ON 
ISTH JANUARY, 1913. 


Mr. Mr. W. HARTNELL: When speaking of the vacuum the author 

Hartnell. С ; 
measures the positive pressure in the condenser above absolute vacuum. 
This is the reverse way of considering a vacuum as a minus pressure 
below the atmosphere. Positive measurement suggests improvements. 
When air or water passes from the condenser to the air pump it is 
not sucked in, but is pushed in. The devices described by Mr. 
Dexter mark the replacement of the old types of air pumps by arrange- 
ments which are entirely new, and which are producing vacuums that 
were once thought impossible in connection with the steam engine. 
Two leading features noticeable in the modern condensers which the 
author has described are, first, the way in which the flow of steam and 
condensing water is so regulated as to make the maximum use of every 
tube ; and second, the separate removal of the air and water. 

A ERA Mr. R. H. CAMPION : One of the first points I notice in connec- 
tion with the paper is the reference to the trouble with tubes. 
I myself am in the position of having very good water for drinking 
purposes, but water which plays great havoc with the tubes. I have 
tried several makes of tubes. The tubes I am using at present have 
only been in for four years. In considering the cause of the trouble we 
have got it down to two possible solutions. Probably it is not the fault 
of the tubes, though as there are many instances of tubes not passing 
the Admiralty’s stringent conditions, a number of rejected tubes must 
be placed on the market and used. We have come to the conclusion 
that our trouble with the tubes is due, first, to the aerated condition of 
the water from the tank of the cooling towers. This results in the 
absorption of any acids in the neighbourhood, such as sulphuric acid, 
ctc., and slight corrosion has been observed. The second cause of the 
trouble is the presence of stray electric currents in the condenser. We 
had hoped to get over the trouble by earthing the condenser, but we 
are now fitting a very special arrangement, in which an electric current 
is led through the condenser from electrodes placed in the water 
spaces ; this, we hope, will prove successful. I notice that the author 
is rather severe on jet condensers. When trouble has been experienced 
with the tubes of surface condensers I thought that one naturally 
turned to types of plant other than surface condensers, and for such 
plant a purifying apparatus can now be obtained, so that very little 
trouble is experienced from oil. It is thus possible to use the feed 


i 


| е 


SUCTION FROM 
Jeg Fr ee — at WE SEALING Матея TANK. 


le ee | 


MENT OF SURFACE CONDENSING PLANT 
WITH 
IRRLEES - LEBLANC Rotary Air Pump 
AND WATER EXTRACTING PUMP. 


Digitized by Google 


Digitized by Google 


1918.] STEAM CONDENSING PLANTS : DISCUSSION. 147 


water in the same way as in the case of a surface condenser. The 
steam consumption can also be measured by steam meters, of which 
two fairly reliable makes are now on the market. I also notice that 
the author is rather keen on an oil separator. My experience of oil 
separators has not been particularly happy. I have had to install 
a purifying plant because the oil separator did not do its work 
sufficiently. My experience with surface condensers suggests that 
we must not rely on new patent ideas to do away with tube surface. 
Tube surface is undoubtedly the main idea. Notwithstanding all the 
contrivances to distribute the water in various ways, there is nothing 
like plenty of tube surface. We have to come back to that at the 
finish. I am interested in what the author says about the low-level 
jet type of plant. I have plant of that description on order, but I do 
not fear the bad results which the author foretells. We have two 
arrangements to prevent flooding, and I certainly think they will 
obviate that risk. 

Mr. A. E. L. ScANES : I notice in Fig. 1 that a very large tempera- 
ture difference is given for a low vacuum. For instance, with a 26.in. 
vacuum as much as 22 deg. difference is allowed with 65 deg. Fahr. 
In my opinion it is very seldom necessary to exceed 15 deg. Fahr. It 
means a quite unnecessary amount of pumping and consequent 
increase of power. If we take another vacuum, viz. 28°75 in., the 
difference appears to be about 94 deg. Fahr. I recently tested a 
plant working under similar conditions (28:82 in. vac., bar. 30 in.), with 
water at 60 deg., for Stalybridge Corporation. There wasa temperature 
difference of about 5 deg. Fahr., i.e. about half Mr. Dexter's allowance. 
The whole point is to get the best design of condenser, and to utilize 
the circulating water to the best advantage. My firm have found, like 
Mr. Dexter, that the cheapest form of condenser is the circular shell, 
and I cannot agree that any other form is advantageous in the long run, 
because of the higher initial cost. We find that with that form we can 
obtain results better than, or certainly equal to, any other make of 
condenser on the market of any shape whatever. A plant which 
we recently made can condense 22 lb. of steam per square foot of 
surface with water at So deg. Fahr. and a 28}-in. vacuum. Thatis going 
to the other extreme, but it shows what can be done with a perfectly 
normal shape of condenser. Mr. Dexter also says that the variation of 
the amount of heat transmitted is due to the different inlet temperatures 
of the water. I do not think I can quite agree with that. I took 
some interesting tests—official tests—of a condenser made for the 
East Indian Railway Company; the condensation rate was between 
Io and 12 lb. per square foot. The water was varied from 50 deg. Fahr. 
to тоо deg. Fahr., and it was found that the amount of heat transmitted 
in B.Th.U.'s per square foot per deg. Fahr. of mean temperature differ- 
ence between the cooling water and the steam temperature was, if any- 
thing, higher with a high inlet temperature, the other conditions remain- 
ing the same. The readings obtained varied up to over 700 B. Th:U.'s. 
I think Mr. Dexter will admit that that is a fairly satisfactory figure, 
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Those were official tests. On page 1зо Mr. Dexter suggests that direct- 
ing plates should be fixed under the steam inlet of the condenser. My 
firm bas found that if that is done there is a distinct and appreciable 
loss of vacuum in the condenser itself, due to the plates. Sometimes 
such plates cannot be avoided, as in a very long condenser, but we 
find that a large steam inlet,as is suggested by the author, is quite 
sufficient in ordinary practice. Then, again, the author still seems to 
have some slight doubt in his mind as to the safety of the low-level jet 
plants. I can reassure him on that point, for of the 14,000 plants 
of the Leblanc rotary air pump type mentioned on page 140 my firm have 
made the majority in this country, and up to the present they have 
never had an accident from the above cause with one of their own 
manufacture. Another point on page 134. I do not agree that similar 
air pumps would be used for low-level and high-level jet condensers. 
I think it is usually necessary to allow an appreciably larger air pump 
for a barometric jet condenser, owing to the longer exhaust pipe and 
consequent greater risk of air leakage, and also on account of the 
higher vacuum required. On page 135 the author suggests that where 
dry air pumps are used it is advisable to fit a water separator in the air 
suction pipe. I think he probably means that it is necessary with 
a reciprocating pump, because with the Leblanc rotary pump no 
damage is done if water goes over. [Mr. DEXTER : That is so.] 

We have several plants of the Leblanc low-level type in which the 
theoretical vacuum has been obtained ; that is to say, the temperature 
of the vacuum equals the temperature of the discharge water. This 
may, of course, possibly be due to the thermometer used being slightly 
inaccurate, but I think a plant which is as close as that can be said to 
compete on quite equal terms with the barometric type. On page 135 
the author says that with the Leblanc multi-jet condenser it is safe to 
allow for the condensate and injection water being discharged at a low 
temperature, within 4 deg. of the temperature corresponding to the 
vacuum, with reasonably good air conditions. ‘There again the author 
seems to have some doubt as to the efficiency of the Leblancair pump. We 
find that itis possible to install these Leblanc air pumps under any condi- 
tions, and for them to compete on a commercial basis with the best 
types of reciprocating pumps, provided the vacuum is over 25 in. of 
mercury. In a paper read a short time ago by Mr. Weir before the 
Institution of Engineers and Shipbuilders in Scotland some very 
interesting test curves of the Weir uniflux type of air pump are given. 
I compared these with the records of опе of the Leblanc pumps which 
we supplied to the Salt Union, and found that the Weir pump was 
absolutely “ notin it.” The Weir pump took about 35:6 Ib. of steam per 
pound of air for a given vacuum. The Leblanc pump can be designed 
for two or more speeds when steam driven, say 3,000 and 1,440 revs. per 
minute. At the higher speed it would take 23:8 lb. of steam, and at the 
lower speed (rather less efficient for the turbine) slightly more than the 
Weir pump. The main point, however, is that, both pumps being 
steam driven, the Leblanc pump has a much higher vacuum efficiency 
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for the same steam power. I think that as regards efficiency the Weir 
pump is the best type of reciprocating pump on the market. On 
page 136 Mr. Dexter suggests that the pressure of air in a surface 
condenser greatly reduces the rate at which heat is transmitted. 1 
admit that the presence of air in the condenser affects the vacuum, but 
I do not think it affects the heat transmission over the greater part of 
the surface. I think the explanation is that the air pump is too small 
or the surface of the condenser is too big. It might be put in two 
ways. Some very interesting tests were carried out by Mr. Smith of 
the Victorian Institute of Engineers, Australia, and Mr. G. A. Orrok 
of America,* and these showed undoubtedly that where the air is 
equally mixed with steam it does affect the transmission. The point I 
wish to make, however, is that it is not equally mixed in a surface 
condenser, the proportion increasing as the steam condenses. On 
page 137 Mr. Dexter suggests that steam-sealed turbine glands are best, 
but my opinion is exactly the reverse, because whenever we have 
steam-sealed plant to deal with we always allow for air in the proportion 
of 16:9, compared with the allowance for water-sealed plant. 
Mr. Dexter’s 3 mm. is correct in some cases ; it is approximately the 
correct amount of steam and air leakage for 22,000 1b., but not enough 
in many cases for steam-sealed glands. An important point in favour 
of the Leblanc rotary air pump is that a much higher hot-well 
temperature can be obtained than with a reciprocating wet-air pump. 
I notice that that point is not mentioned in the paper. I think it is 
due to the constant flow of the air and to being able to get a higher 
vacuum for a given temperature in the condenser; the result is an 
increase in the hot-well temperature of from 5 to 10 deg. Fahr. above 
that obtained with a wet reciprocating pump. Ten deg. Fahr. increase 
in the feed-water temperature with a boiler pressure of 150 lb. repre- 
sents about 1 per cent gain in fuel consumption when the water is 
returned to the boilers. That is a very important point. Mr. Dexter 
does not appear to give in the paper any test results of Mirless-Leblanc 
plants in operation. I should like him, if possible, to give us some 
idea of how to compare the capacity of the rotary pump of the Leblanc 
type, for instance, with that of the reciprocating type of pump. In 
regard to the estimated thickness of the water sheets being only from 
4 to 8/1000 in., that was perfectly true two or three years ago, but I 
have carried out some experiments during the last year, and find that 
it is best to vary the thickness of the water sheet from { in. to 2/1000 in., 
or 3/1000 in., depending entirely on the density of the air dealt with 
and the temperature of the water, and in consequence on the difference 
of vacuum. In Fig. 15 a self-sealing type of air pump is shown with a 
jet condenser, and the author mentions that a large number of these 
have been installed. I should like to know where Mr. Dexter obtained 
this information. I believe that my firm have only installed two in 
this country. It is not a desirable arrangement, and should be avoided 
if possible. I believe the arrangement was suggested some years ago 


* American Society of Mechanical Engineers Transactions, vol. 32, p. 1139, 1910, 
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in a paper by Mr. С. L. Kothny.* The tank being on the floor level 


destroys, if the motor stops accidentally, the vacuum-breaking effect 
which Mr. Dexter bas mentioned, by means of a frce rush of air back 
to the condenser through the ejector of the air pump. Back-flooding 
to the engine is prevented by the tank being below the floor level. It 
is true that vacuum breakers are installed with the condensers, but I 
have been to a number of shops where the engine-driver, on finding 
the valve leaking, has put clay or rubber insertion to clog it up. Of 
course, if the extraction pump then stops suddenly there is nothing to 
prevent back-flooding. We havetaken certain precautions toovercome 
this danger of flooding in the two cases mentioned where it was 
impossible to excavate a pit. The point which the author has missed 
is that the vacuum in the jet condenser will not fail due to the capacity 
of the air pump falling. It has been suggested that if the vacuum fell 
5 in. it would fail altogether. When it fell to about 18 or 20 in. 
of mercury in the condenser it would fail entirely, due to insufficient 
water being drawn into the condenser. In any jet condenser in which 
the water is sucked in by the vacuum, as the vacuum decreases from 
any cause such as overload or air leakage a critical point is approached 
at which enough water is not drawn in to condense the steam present, 
and the vacuum will fall right away. This critical point of the 
injection of the water is at a higher vacuum than the critical point of a 
properly designed Westinghouse-Leblanc air pump. That is to say, 
a reciprocating pump will not prevent the failure from this cause any 
better than a Westinghouse-Leblanc pump. That, I think, has been in 
the past the cause of one or two unexplained failures; but now we 
know that the trouble may exist, and we can guard against it. 

Mr. J. A. McLav : There are many small pointsin the paper on which 
I disagree with the author, and on one important point—the most 
efficient design of a surface condenser—I must join issue with both the 
author and Mr. Ѕсапеѕ. Itisagreed among condensing plant engineers 
that dry tubes are more efficient than wet tubes, and that the presence 
of moisture in the gases dealt with by the dry-air pump is dele- 
terious to the efficiency of the air pump. Also that steam exhausted 
from an engine or turbine contains more or less water due to con- 
densation in the engine or turbine, and that the aim of an efficient 
design of a surface condenser is to deliver the condensed steam at a 
temperature as near as possible to that corresponding with the vacuum. 
How far does the design advocated by Mr. Dexter meet these 
conditions? From Fig. 3 it will be seen that the steam enters the con- 
denser at the top, while the condensed steam-water and incondensible 
gases leave the condenser at the bottom. The inevitable result of 
this arrangement is a miniature shower bath through the condenser, 
every tube becomes coated with a film 'of water, the condensed steam 
water is cooled considerably below the temperature corresponding 
with the vacuum, and the incondensible gases become saturated 
with moisture. If, now, on the other hand, the same cross-sectional 

* Transactions of Funior Institution of Engineers, vol. 21, p. 125, 1910—11. 
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area of condenser be used, but inverted—that is, with the steam entering 
the condenser at the bottom, the condensed steam water being drawn 
off from the bottom, and the incondensible gases from the top—ideal 
conditions would be obtained for the efficient use of the cooling surface 
provided, for the following reasons :— 


1. Any water in the incoming steam will be thrown down at the 
highest possible temperature without passing over and 
wetting the tubes and becoming cooled. 

2. The greater part of the steam being condensed on the tubes 
which first meet the incoming steam, this condensed steam 
will fall to the bottom through the rising steam. It will 
be heated up and thus assist condensation, and leave the upper 
tubes dry. 

3. The incondensible gases, being the lightest component of the 
mass entering the condenser, naturally tend to rise, thus 
assisting the air pump to some slight extent by reducing the 
difference in pressure necessary in the condenser to cause 
the air to flow to the air pump. Also the velocity of the 
incondensible gases through the condenser being low, and 
the particles of water carried with the gases heavy, the water 
will automatically separate from the gases and fall to the 
bottom ; and the upper tubes being dry, the incondensible 
gases will be delivered to the air pump in the condition most 
suitable for the air pump, that is, dry and cold. 

4. The condensed steam will be at the highest possible tempera- 
ture, and will be practically free from air. 


It may be objected that, particularly in the case of turbines, there 
would be awkward connections to the condenser if the steam entered 
the bottom of the condenser, and that there would be a risk of back- 
flooding the turbine from the condenser. In places where the 
condenser is placed in the basement of the engine-room the connec- 
tions may possibly be somewhat awkward and more expensive than 
where the steam enters the condenser at the top, but the proper place 
for the condenser and pumps is alongside the turbine and on the same 
floor as the turbine. In most cases the size of the engine-room is 
fixed by the space necessary to contain the desired boiler power, 
and there is ample room for the condenser and pumps alongside the 
turbine. A basement is an unnecessary and costly addition to an 
engine-room, and where condensers and pumps are placed in a base- 
ment they do not get the same attention as the main engine or turbine, 
with the result that the vacuum falls and the efficiency of the whole 
plant suffers. Then with regard to back-flooding, as there are 
numerous turbines and engines operating satisfactorily with low-level 
jet condensers, in which the risks of damage from back-flooding are 
much greater on account of the larger volumes of water contained and 
dealt with in the condensers, and the accidents from back-flooding are 
very few, the risks of damage from back-flooding with a surface con- 
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denser arranged with the steam inlet at the bottom are negligible. T 
am satisfied that, with a condenser arranged on the lines described, the 
same results can be obtained with 10 to 20 per cent less cooling surface 
than is required with the most efficient condenser in which the steam 
enters at the top. I may add that of course I am not describing any 
condenser which has been made, but merely stating my views. 

MR. DEXTER (in reply): Corrosion in condenser tubes is a very 
serious matter, and when it does take place it is very difficult to know 
exactly how to stop it. I do not agree with Mr. Campion's suggestion 
that it is due to there being a lot of bad tubes on the market. If that 
were the case, means could very soon be found for preventing the 
trouble. My own firm have frequently experienced such trouble, and 
we would do almost anything to be able to meet such cases with some 
confidence. We have tried various methods of stopping this trouble, 
with results some better.and some worse. In certain cases, notably 
one in Glasgow, where this corrosion or pitting was beginning to take 
place, we have made a number of tests, and have found the water from 
the cooling towers to be slightly acid, but not sufficient to cause a 
purely chemical corrosion. The atmosphere in any manufacturing town 
must naturally contain certain impurities, such as sulphuric acid, etc, 
А large amount of air passes through these towers and the falling water 
takes up these impurities, and thus the water in the cooling tank 
becomes slightly acid. This slightly acid water is quite sufficient to 
convey small local electrical currents between the different metals 
of the tube, causing a decomposition of one of the metals and pitting 
of the tubes. The trouble in some of these cases has been entirely got 
over by adding periodically a certain quantity of lime to the cooling 
water in order to keep a perfectly neutral solution. An alkaline solu- 
tion may be quite as disastrous as an acid solution, so that it is most 
important to obtain a neutral condition of the water. In the Glasgow 
case the cooling-tower water is tested every morning, a sample of 
water of known volume being concentrated by boiling. The degree 
of acidity can then be ascertained, and, knowing the contents 
of the cooling tank, sufficient lime can be added to keep the water 
in a neutral condition. This has absolutely got over the trouble in the 
case mentioned. Where similar treatment has been tried but not 
proved successful, it may be put down to the fact that the testing 
of the water and the addition of the lime have only been done in 
an irregular manner. Му firm have brought this matter to the notice 
of a number of the principal tube-makers, and some of the latter have 
recommended tubes mechanically inferior in quality to that usually 
supplied, 2.е. 70/30 mixture. I myself have noticed іп many cases more 
extensive corrosion and pitting with an expensive quality of tube than 
with a lower priced one. Outside tinning does not appear to be of 
much benefit, and I think the best mixture is the Admiralty mixture, 
70 C, 30 Zn, 1 Sn. In some cases the pitting may be caused by 
a deposition of some metallic substance on the surface of the tubes. 
This may form an electrolytic couple with one of the metals of the 
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tube and cause a disintegration of the tube. It may also be due to 
stray electrical currents in the plant. In one case at Liverpool there 
was a centrifugal pump in which the impeller was reduced almost 
25 per cent in weight within a few months of the pump being installed. 
When the pump was opened up I noticed a copper deposit on the 
inside of the pump casing in four places diametrically opposite. There 
was no copper about the pump, and the deposit was evidently due 
to metal from some brass valves in the vicinity being conveyed by 
some electrolytic action. On testing, the pump casing was found to 
be distinctly magnetized, and an appreciable difference of potential 
was found between the pump casing and the spindle, the pump 
apparently running under somewhat similar conditions to a dynamo. 

I think Mr. Campion has rather misjudged my remarks by thinking 
I am strongly opposed to jet condensing plant. I am not so opposed 
to the type ; each type has its advantages or disadvantages for certain 
conditions ; almost invariably, however, the surface type takes less 
power for operating, combining the running costs with the interest 
on the outlay and depreciation. In capital cost alone the surface type 
generally works out the dearer. When a bad water supply necessi- 
tates jet plant, then a type should be selected which gives the least 
possible risk of flooding, and the Leblanc jet condenser is in itself 
admirably adapted for this. Safety arrangements, such as vacuum 
breakers actuated by floats, are not altogether reliable; they require 
constant attention and testing. Further, very few makers appreciate 
the problems governing the design of a pump for extracting the water 
from a jet condenser under a high vacuum. The Leblanc water- 
extracting pump is one of the best features of this particular plant. 
My firm have probably made far more low-level jet plants with 
reciprocating air pumps and centrifugal water extraction pumps than 
any other firm of condensing plant makers. Most of these plants 
are working with turbines and giving excellent results; but we 
had a great deal of trouble with centrifugal extraction pumps until 
we began to make these ourselves. We now use the same type 
of pump as we use for the Leblanc type of plant, and we find it 
most reliable. 

In regard to oil separators, I do not think exhaust steam separators 
meet all requirements, but I have pointed out that when using surface 
condensers it may be advisable to install one in addition.to an eliminator 
for the condensed water, the object being to reduce as far as possible 
oil deposition in the condenser tubes, which would affect the heat 
transmission. I do not agree with Mr. Campion that tube surface alone 
is everything in a condenser; it requires to be effectively disposed 
to get the best results. 

Referring to Mr. Scanes' remarks, I maintain that the temperature 
difference given by the curves in the diagram represents good practice, 
allhough for a vacuum of 26 in. with water at 65 deg. Fahr., a tem- 
perature difference of 22 deg. was taken. This only means that the 
circulating water amounts to 26 times the weight of steam, a very 
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reasonable figure. - Although it is quite easy to reduce the quantity 
of water by installing a rather larger condenser, I do not advocate 
doing so. The same reason holds good for a 9:5 deg. temperature 
difference for a vacuum of 28°75 in. with water at бо deg. It is quite 
easy to attain Mr. Scanes' figures, but I do not think it advisable. 
I do not agree with Mr. Scanes' remarks that the circular form of 
condenser is equal to the wedge- or pear-shaped design, i.e. for the 
quantity of steam which could be condensed with a given cooling 
surface; and in marine work, or where space is limited, the latter form 
has a distinct advantage. The heat transmission figures given by 
Mr. Scanes are easily obtainable, but it may not be advisable to depend 
on such figures unless the cooling water is very clean and free from 
a tendency to form a scale on the surface of the tubes. 

As to the safety of low-level jet plants, I referred to ordinary types 
with reciprocating air pumps. It is quite possible to design a safe 
working plant, but it requires very careful consideration. I agree 
with Mr. Scanes that the Leblanc jet plant is particularly safe in this 
respect. Mr. Scanes has misinterpreted my remarks on page 134 in 
regard to air pumps for low-level and high-level jet condensers. I 
stated that the type of pump is the same. The size certainly requires 
to be greater for high-level condensers on account of the longer length 
of exhaust piping ; in fact, my firm always design high-level jet plant 
for at least a 1 in. higher vacuum to allow of the same vacuum being 
obtained at the turbine exhaust. Again, Mr. Scanes seems to misread 
my remarks ve the Leblanc air pump, and an allowance of 4 deg. 
temperature difference for jet condensers. This temperature difference 
is sufficient with reasonably good air conditions, either with the Leblanc 
or good reciprocating air pumps. In actual working the temperature 
difference is often less, but with an excessive amount of air it would 
be impossible to attain the 4 deg. difference with either type of pump, 
and the possible conditions of working require careful consideration. 
I differ with Mr. Scanes in regard to the effect of air in the condenser ; 
in addition to the effect of air pressure on the absolute pressure in the 
condenser, the pressure of air has the effect of preventing the steam 
getting into close contact with the tube surface, or rather the mixture 
surrounding the tubes is an air-steam mixture, and a less percentage of 
the mixture is condensed for a given area of tube surface than if the 
mixture contains less air. 

In regard to the method of sealing turbine glands, the trouble is 
that a water seal is not attained until the turbine gets up to almost full 
speed, so that it takes much longer to obtain a good vacuum when 
starting up. Also with jet plant the injection water generally cannot 
be drawn into the condenser until a moderately highly vacuum has 
been attained. I agree with Mr. Scanes that with the Leblanc air 
pump it is possible to obtain a high hot-well temperature for a given 
vacuum. At the same time it must be noted that similar high hot-well 
temperatures can be obtained with reciprocating pumps if the air and 
condensed water are dealt with by separate pumps. Mr. Scanes 
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regrets that I have not given any test results of Mirrlees-Leblanc 
plants in operation. Itherefore give the following results obtained 
under ordinary working conditions at the Pinkston power station of 
the Glasgow Tramways :— 


PINKSTON POWER STATION. 


5,000-kw. Turbine and Surface Condensing Plant. Total Steam Duty, 
72,000 lb. per hour. Vacuum, 28 in. (Bar., 30 in.. Circulating 
Water Temperature, 70° Fahr. 6,000 gall. per min. 


A е" Circulating Water 
ST Cone Vacuum at Temperature Temperature. "Tonicérature 
sumption in саше Exhaust of MA Difference 
‚| (with 30 in. Bar). team. У 
]b. per hour. ( 3 Inlet. Outlet. 
Fahr. Fahr. Fahr. Fahr. 
r š э о 
61,750 28°74 in. 85 54? 78 7 
60,000 28°75 › 85? 54° 80° бо 
64,000 28:86 ,, 86° 54° 80° 6° 
73,000 2876 , — 86^ 54? 82? 4? 
76,500 28°66 ,, 88° 54° 84° 4° 


As regards the method of comparison of the air capacity of different 
types of air pump, my firm for a long time pressed upon engineers the 
necessity of calling for guarantees as to efficiency of the air pump 
included in the contractor’s proposals, and the proper method is to 
state the actual weight of air which the pump can deal with at the 
specified vacuum, and to compare this with the power required to 
operate the air pump. Regarding the self-sealing arrangement of the 
Leblanc air pump, shown in Fig. 15, a number of these have been 
installed by various licencees of the Leblanc patents, and this is the 
arrangement adopted at the Pinkston power station. It has been quite 
successful, and the danger referred to by Mr. Scanes can be easily 
overcome by a suitable arrangement of the air discharge pipe into the 
sealing water tank ; this point has not been overlooked. 

Referring to the remarks of Mr. McLay, I agree with him in 
general on the theoretical advantages of bringing the steam in at the 
bottom of a surface condenser and removing the air and water on the 
lines suggested by Mr. McLay. I considered such an arrangement 
years ago, but found it made a very awkward arrangement in practice. 
Mr. McLay's suggestion that the condenser should take a triangular 
shape agree with my remarks in the paper on the wedge- or pear- 
shaped condenser. I disagree with Mr. McLay's general statement, 
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however, that the proper place for the condenser and pumps is along- 
side the turbine and on the same floor. It is not necessary to make a 
basement in the form of a subterranean passage, and to consider the 
machinery therein as out of sight and inaccessible. Generally speaking, 
it works out less costly than having all the machinery on the same 
floor-level. 
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SOME SPECIAL APPLICATIONS OF ELECTRICITY 
ON WARSHIPS. 


By A. P. PYNE, Member. 


(Paper received 18th Fanuary, and read before the NEWCASTLE LOCAL 
SECTION 10th February, 1913.) 


The following remarks are intended to touch generally on the 
application of electricity to merchant vessels and warships, and to indi- 
cate the lines on which switchgear should be designed to withstand 
satisfactorily the exacting conditions met with on board ship. For this 
purpose several circuits in connection with the more special applica- 
tions of electricity on war vessels will be dealt with in some detail ; it 
is understood, however, that the same lines might be followed with 
advantage with electrical gear for special purposes on board merchant 
ships. 

It cannot be said that the application of electricity to the various 
operations incidental to the efficient handling of merchant or war 
vessels has made any marked progress during the last few years. A 
larger proportion of cargo boats are now fitted with electric light ; 
whilst a more general use is made of the telephone, wireless telegraphy, 
and electric lifts. 

The advent of oil-tank vessels has certainly resulted in the electrical 
installations on these ships being of a higher order throughout, both as 
regards labour and material, than was formerly the case. This, how- 
ever, is largely due to the more stringent regulations of Lloyd's and 
certain harbour authorities applicable to this class of ship only, and 
has had little effect on vessels of other types. Similarly, considerable 
improvement has taken place in the fittings used and the methods 
adopted of carrying out warship installations, which, while making for 
efficiency, do not in themselves involve any new departures іп the 
application of electricity. 

With the exceptions referred to above, fittings, material, and 
methods of wiring remain much the same on merchant ships to-day 
as they were ten years ago. 

There is no doubt that the more general use of electricity in 
merchant ships for what may be called deck purposes, such as winches, 
hoists, etc., has received a considerable set-back in the past, due to the 
use of control and other gear, unable to withstand the very onerous 
conditions obtaining on board ship. Although, latterly, electrical gear 
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has been obtainable which will withstand almost any conditions, the 
disinclination of shipowners to adopt electricity on a more extensive 
scale is easily understood when we consider that in the purely cargo 
boat there is little to compensate for the higher first cost of the 
individual machines; and this is aggravated by the fact that the 
generating power would have to be supplied for the maximum simul- 
taneous load which would only be required in port, when loading or 
discharging. In other words, high first cost is coupled with extremely 
poor load factor. 

The relative: importance of this, however, becomes less with 
increase in passenger accommodation, since the amount of lighting 
and the number of motors used for ventilating and various other 
purposes when at sea, result in the generating units being of sufficient 
size to operate winches, hoists, cranes, etc., when in port. It is in the 
large passenger-carrying vessel, therefore, that we find any consider- 
able use of electricity for deck purposes. Even here, however, it has a 
serious rival in hydraulic apparatus ; to compete successfully against 
which, electrical gear must be absolutely reliable and completely fool- 
proof. These conditions can now be met ; but the cost of such gear is 
necessarily high, and forms a serious stumbling-block to the use of 
electricity in merchant ships, and is often still further handicapped by 
lack of skilled attention. 

Although the above causes have operated to keep electricity in the 
background for the last few years, there are now signs that a change is 
coming, through the advent of the oil-engine-driven ship, which will no 
doubt considerably increase the scope of the electrical engineer. 

Deck machinery can still be driven from a donkey boiler, or each 
winch can be provided with a separate oil engine. An oil-engine- 
driven generator, however, will now compete on much more favourable 
terms with the steam proposition; and the oil-engine-driven winch 
will have to show considerable advance on existing designs if it is 
seriously to rival the electric winch in ease of control, etc. In this 
connection it is as well to point out that a particular application of 
electricity having been decided on, the naval architect should keep 
it in view and so modify his designs as to enable the installation to be 
carried out in a reliable manner, such as providing unexposed cable 
runs for mains, etc. 

A few years ago it appeared likely that oil-engine-driven vessels 
would be provided with a number of sets of engines. One ог two 7 
vessels have actually been built, and have given satisfactory service, 
which have been provided with three propellers each driven by an 
electric motor deriving current from generators coupled to the main 
engines, each of about 750 h.p. The control was by shunt regulation 
of the generators on the Ward-Leonard system. It is perhaps idle to 
discuss the use that might be made of current derived from one of 
these main generators when in port, since development is now taking 
place in the direction of single sets of main engines of large size. 

A further factor to be considered is the feasibility of providing 
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current from a shore supply for the loading and unloading of ships 
trading regularly between definite ports; this should be a simple 
matter for oil-tank vessels which must discharge at certain fixed 
points. It is only necessary to ensure similar voltage and to take 
proper precautions against dangers resulting from the presence of 
electric motors in the pump-room. The requirements of this class 
of ship would not be great, however, and it is to the general cargo 
vessel of large size that we must look for development in this 
direction. 

It is therefore for the electrical designer to see if he cannot reap 
some advantage from the new type of vessel before the oil-engine 
builder anticipates him. To this end he must provide for every 
purpose for which power is required on such ships, electrical machinery 
which shall be equally reliable, compare not unfavourably in first cost, 
and above all accentuate the advantages which any particular applica- 
tion of electricity may have over other systems of power transmission. 

The conditions governing the application of electricity to warships 
are on the whole more favourable than in the case of merchant ships, 
since first cost is of minor importance, more skilled attention is avail- 
able, and the load on the generating plant depends on factors other 
than whether the ship is discharging or is at sea. Electricity has 
therefore been used more extensively on this type of vessel than on 
merchant ships. 

Hence it would appear at first sight that there was not very much 
scope left for extending the application of electricity on warships, 
since we have for some ycars had examples of engine- and boiler-room 
lifts, electric capstans, boat hoists, coaling winches, and electric motors 
used for workshop, bakery, and laundry purposes. It does not follow, 
however, that we have reached finality, even in these instances, and 
the design of some of the switchgear often leaves much to be desired. 
There is also considerable scope for the designer in connection with 
the application of electricity to turret-turning gear and the various 
auxiliary machinery in connection with heavy gun-turrets. Very little 
progress has been made in this direction in our own Navy, although 
electrically-operated gun-turrets have been in use in other Navies for 
many years. Here again electricity is in competition with hydraulic 
gear. The latter has undergone a process of evolution during a 
considerable number of years, and has now reached a sfate of perfec- 
tion difficult for electricity to imitate, without first undergoing a similar 
process of evolution. 

Electricitv has one inherent disadvantage in this connection, 
namely the tendency to cause fire in the event of a breakdown to 
some part of an electric circuit ; and this, in view of the frequent 
proximity of explosives to electrical gear, often gives rise to some 
justifiable uneasiness regarding the suitability of electricity їп such 
situations. А breakdown to hydraulic gear on the other hand would 
tend to quench rather than cause fire. A further advantage possessed 
by hydraulic gear is that a breakdown is usually easy to find, whereas it 
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is often very difficult to locate in the case of electricity : the latter also 
does not lend itself so readily to the fineness of control or adjustment 
essential to many of the operations in a gun-turret. 

These disadvantages can be to a great extent overcome by, in the 
first place, designing the turret especially for electrical gear, thus 
enabling all electrical apparatus to be placed as remotely as possible 
from spaces traversed by explosives. Main switches could no doubt 
be oil immersed, thus minimizing the danger of flashing at a switch on 
breaking circuit under a heavy overload. In the second place, the 
whole of the electrical apparatus in any circuit should be designed 
to suit the local conditions. 

The following observations, although dealing more particularly with 
such special applications of electricity to warships as the above, are 
applicable generally to all sea-going vessels. 

The work associated with the operation of boat and coal hoists, 
capstans, turret-turning gear, etc., is usually of an extremely exacting 
nature, entailing the rapid acceleration of heavy masses, stopping of 
same without undue shock or jar, frequent reversal of motors (often 
many times per minute), wide speed-range under varying conditions of 
load, complicated interlocking systems to render mechanisms fool- 
proof, and numerous other exceptional conditions. 

The intermittent nature of the service is in' itself a factor to be 
reckoned with, since the gear is not in operation all day, or even day 
by day ; the most that can be expected is 2 or 3 hours per day for 4 or 
3 days per week, with often considerable periods of complete idleness. 
The importance of this becomes apparent when we consider the salt 
atmosphere, the tendency of lubricants to solidify, and the difficulty of 
preventing moisture from condensing on the inside of switch and other 
boxes, which is sometimes very troublesome with circuits above 100 
volts, and also causes rusting of pivots of automatic switches, solenoid 
plungers, etc. 

To meet these exceptional conditions radical departure from 
standard practice in the design of such electrical apparatus becomes 
not only permissible but necessary. 

What is known as the “ring main" system of distribution is now 
being adopted for large warships by several nations, This consists 
in carrying round the ship two or more ring mains of comparatively 
large section, into which the various dynamos feed and from which 
various circuits are tapped off. In each circuit is placed a magnetically 
actuated switch, the operating circuit of which is carried to a small 
master switch on what is known as the main controlling switchboard ; 
the attendant in charge of the latter can therefore control all the 
various circuits without the necessity of carrying cables of large size to 
the switchboard. 

This system answers very well in practice, and could with advan- 
tage be extended to the actual control of motors themselves, as will be 
shown later. 

It has already been pointed out that first cost апа commercial 
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efficiency are not of primary importance for warship work ; on the 
other hand, continuity of operation is essential, especially for gear used 
in connection with the operation of heavy guns. Every possible 
source of breakdown should either be eliminated or the effects 
minimized by providing means of rapidly locating and remedying 
the trouble. 

It will be found that to obtain this result, careful consideration must 
be given to the following features: Accessibility, simplicity, and, above 
all, suitability of the particular type of apparatus for its particular work. 

It is proposed to deal with these three conditions separately as far 
as possible, although they depend largely on each other. 

Accessibility.—' This applies to all apparatus subject to wear or likely 
to need adjustment or replacement of parts. The extreme importance 
of this requirement is often not understood until brought home by the 
prolonged stoppage of some vital operation, which under more favour- 
able circumstances might have been restarted by a slight adjustment 
occupying a few seconds only. 

The use of contactors or automatic switches for most of {һе special 
motors under consideration, possesses many advantages and admits of 
all the main switchgear for any particular circuit being mounted on 
one panel contained in a large watertight case and placed in any con- 
venient, accessible position, a push-button or other type of control 
switch only being necessary at the operating point. 

The fittings should not be crowded together too closely on the 
panel. The operating coils of automatic switches should be easily 
removable for repairs or replacement. All cables entering the case 
should have terminals provided for them near the outer edge of the 
panel and opposite the cable gland. All terminals should be numbered 
and the cables tallied to correspond. If fuses are contained in a panel 
case, a small door should be placed over them (preferably with a glass 
front) to enable fuses to be changed without opening the main cover. 
Spare fuses should be provided, preferably clipped to the lid of the 
box and lettered to correspond with the component fuses. 

All covers to panels, switch-boxes, etc., should be provided with 
hinge bolts or toggle joints arranged to enable any particular cover to 
be quickly taken off completely, since the proximity of some other 
piece of apparatus, fitted later, will often prevent a door from being 
swung open far enough to provide sufficient access to the interior. It 
should be possible to remove the covers and examine interlocking, 
cut-off, and other switches without interfering with the operation ot 
the same. 

Terminals should be arranged with the view of making or breaking 
the connections to them without interfering with any of the working 
parts of the switch ; since if a terminal is made easier of access by the 
removal of a switch part, this will probably be done by the wireman, 
with possible upsetting of some essential adjustment. 

Care must be taken to ensure that mechanically-operated кс 
are not rendered inaccessible by the gear operating them. 

VoL. 51. 11 
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It is desirable to retain one design of switch for control circuits, 
whether mechanically or hand operated. This feature must not, how- 
ever, be pushed too far, since it will sometimes be found that the nature 
of the mechanical gear operating the same renders the standard switch 
inaccessible ; a special design should then be got out. It should not 
be forgotten that all these features must be embodied in apparatus 
occupying the smallest possible amount of space consistent with 
reliability. 

Motors are very liable to be hidden away in inaccessible corners ; 
they should be placed in positions permitting of easy dismantling. 
Armatures should be capable of being withdrawn either axially or 
vertically, whichever may be more convenient, since gear afterwards 
placed in the vicinity may prevent the armature from being removed 
in the manner originally intended. Access doors to commutators and 
brush gear should be unusually large and made to be completely 
removable. The oiling arrangements should be in evidence and not 
covered up by a magnetic brake or other contrivance rendering them 
liable to be overlooked. ; 

Cables for control -circuits should as far as possible be of the 
multi-core pattern, branching in junction boxes to the various control 
switches. Only one such cable should enter each switch. One or two 
spare cores should be provided in each cable. ‘The cores should be of 
distinctive colours throughout, and all terminals in switches, boxes, 
etc., should be numbered and the cable ends tallied to correspond. 
The outside of the cable should be painted a distinctive colour for each 
circuit. 

The number of junction or branching boxes, and their positions, 
should be selected as far as possible with a view to thc employment of 
the minimum number of cables rather than reduction of length. 
Cables for different circuits should be kept as independent as possible, 
not clipped under the same clips or placed in the same run ; double 
banking should be avoided. 

Simplicily.—Switchgear must be robust and fool-proof, and must 
consist of as few parts as possible, such parts being easily replaceable 
by spares. | 

The ordinary methods of protecting circuits by circuit-breakers and 
fuses give endless trouble if the usual rules are followed ; and generally 
result in their being purposely put out of action by those operating the 
gear. 

Motors are called upon to accelerate heavy masses rapidly, and 
often to stop and reverse many times in a minute. Ordinary starting 
switches are quite useless for such circuits, and the simplest way of 
dealing with them is to connect the motor directly across the mains. 
With such precautions as will be pointed out later, this can 
quite well be donc with motors up to о h.p. on 220-volt circuits ; and 
results in considerable simplification of the switchgear. The motor is 
often required to stop in the shortest possible time ; and it will be 
found that the ordinary magnetic brake leaves much to be desired ; 
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a far more satisfactory method is to short-circuit the motor armature, 
with or without resistance in circuit as circumstances may dictate. 

Suilability.—A motor operating under the conditions indicated 
above must be of very sound construction mechanically, and must 
be able to withstand three or four times the normal load, sparklessly, 
for very short intervals. 

The switchgear should be designed for this abnormal current, and 
fuses of corresponding size placed at the junction of the circuit with 
the mains. The use of mechanically operated “cut-off” or “ inter- 
locking" switches placed on the main circuit would involve numerous 
difficulties and occupy prohibitive space ; experience shows that 
perfectly reliable magnetically-operated switches can be obtained. A 
reversing switch of this nature and double-pole fuses are all that 
are necessary for the main circuits of the smaller motors. The control 
switch and any cut-off or interlocking switches that may be necessary 
simply deal with the small magnet currents of the auto-switch, and 
consequently may be made light and compact. 

The reversing switch can be arranged to short-circuit the armature 
of the motor in its “off” position. It is in itself a no-volt switch, and 
by the addition of a time-limit relay becomes an overload circuit- 
breaker. It should have plain carbon contacts of ample size making a 
rubbing contact, with a clear space above them in which any flash 
made on breaking circuit may dissipate itself. 

The magnet coils must have sufficient power to operate the switch 
under a 25 per cent reduction of voltage, and should have sufficient 
surface to radiate the heat generated in them during their intermittent 
operation without the aid of external resistances, which are often fitted 
to reduce the current as soon as the magnet plunger has been drawn in. 
Such a switch can be made very simple in design, the carbon contacts 
to a great extent self-adjusting, and the two sides of the switch electri- 
cally interlocked so that one side must drop before the other can lift 
and reverse the motor. Small auxiliary contacts (preferably of carbon) 
may Ье fitted to the reverser for interlocking purposes. 

In cases where the motor is too large to be switched on to the 
mains without the intervention of a starter, this starter should be of the 
same pattern as one half of the reverser, most of the parts being inter- 
changeable with it. Its magnet circuit should be closed by one of the 
small auxiliary contacts on the auto-reversing switch when the latter 
has reached the end of its travel. A dash-pot can be fitted to limit the 
speed of cutting-out resistance, which is quite out of the hands of 
the operator, the whole apparatus being completely fool-proof. As a 
matter of fact it is often necessary to run the motor up to speed so 
quickly that the use of a dash-pot is not feasible. 

In addition to,the main fuses already referred to, fuses are essential 
for the small control circuits. A simple double-pole knife-switch is 
advisable to enable any circuit to be completely isolated. 

The conditions of operation of winches, lifts, turret-turning gear, 
hoists, etc., are so varied that the type of motor must be selected 
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to suit each particular case. For boat and coaling winches, lifts, 
etc., series or compound-wound motors can be used with advantage ; 
but for ammunition hoists and most of the auxiliary gear of gun- 
turrets the variable speed of such motors under varying loads gives 
rise to serious difficulties. A shunt winding providing a very strong 
field is quite the most suitable for such cases. 

The design of motors for the special purposes under consideration 
becomes a compromise between a number of widely differing requirc- 
ments. The necessity for rapid acceleration points to low maximum 
speeds; on the other hand, considerations of weight and space 
require that the machine shall be as small and compact as possible. 
А wide speed-range is sometimes essential. 

Motors of 10 h.p. and below must be mechanically strong enough to 
withstand being switched across the mains without the intervention of 
a starting resistance; this requirement is influenced, however, by the 
addition of a small amount of resistance placed permanently in 
the armature circuit. 

Motors are usually totally enclosed for this work; but unless 
running in the vicinity of powder charges, it is obviously preferable to 
provide a certain amount of ventilation through cowled splash-proof 
openings. Terminals must be exterior to the motors, in compact 
terminal boxes capable of being placed in any of several positions on 
the motor to suit the surroundings. 

Switchgear when placed in the main circuit should not be too near 
other gear, since it may occasionally happen that a motor is started and 
immediately stopped at the moment of accelerating a heavy mass, 
resulting in the switch having to break an abnormal starting current : 
under such circumstances carbon or metallic vapour may establish 
a short-circuit ; also damage may be caused by the arc playing over 
small fittings if placed in too near proximity to switch contacts. 

It must be remembered that circuit-breakers or fuses provide no 
protection against the above contingency. Even when they operate 
only under a considerable time-limit they are generally regarded by 
those controlling the gear as a further example of the unreliability of 
electrical apparatus. Switches in control-circuits, whether operated 
mechanically or by hand, must be very carefully designed. Small 
spring contacts should be avoided, as they are liable to be bent out of 
shape or adjustment if the switch is taken adrift for any purpose. The 
contacts are apt to become oxidized and dirty through the action of the 
atmosphere, if left unused for any length of time ; or through sparking 
if used very frequently. So much so, that sooner or later a switch will 
cease to make contact at some critical moment unless this tendency 
is allowed for by arranging all such switch contacts in duplicate, 
preferably of the plunger type making a rubbing or self-cleaning 
contact. The moving portion should be íree to revolve so that 
contact need not necessarily be “made” twice in succession at 
the same points. 

The stroke of mechanically-operated switches must be made easilv 
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adjustable, and the operating gear so arranged that should the travel 
given to the switch inadvertently become too great, no damage will 
occur to the latter. 

One of the most important features conducive to reliability in 
switchgear is attention to details of insulation. All insulating material 
that carbonizes easily must be avoided, and mica or micanite alone 
used where possible. Porcelain or marble may be used, depending on 
the position, reliability to fracture from shock, etc. Screws and bolts 
insulated from metal parts through which they pass are a fruitful 
source of trouble. The washers at the ends of the bushes should be ' 
of ample size and in duplicate, but of different internal diameters, one 
fitting the bolt or screw, and the other fitting the outside of the 
insulating bush. 

Large clearances must be provided between parts of opposite 
polarity. Since these switches are used for breaking inductive circuits 
due to the coils of automatic switches, considerable arcs are sometimes 
formed. Unless this condition is fully realized, carbon or metallic 
vapour already alluded to as forming in confined switch-boxes will be 
productive of frequent earths and short-circuits. 

In every control-circuit a “stop” or “emergency” switch should 
be provided of the double-pole type, as earths are not infrequently 
met within ships’ installations. If all “cut-off,” * control " and other 
switches are single-pole only, sooner or later a nasty accident may 
occur through the impossibility of stopping a motor by the usual 
means. 

Lead-covered cables are a^ source of trouble and expense during 
installation, rather than of actual breakdown after they are installed. 
Wiring should preferably not be commenced until the mechanical gear 
is completely erected, since if the two progress simultaneously the 
major part of the cable will inevitably have to be replaced before the 
work is complete. Joints in cables are inadmissible, consequently a 
blow of a hammer, a drill coming through from the opposite side of a 
plate, а falling spanner, or a labourer's hobnailed boot, may at any 
moment render the replacement of the complete length of cable neces- 
sary. If lead-covered cables are to be used they should therefore be of 
the multi-core type, as few in number as possible, kept high up in acces- 
sible places, covered by sheet-iron guards where especially liable to 
damage, and otherwise protected temporarily if work is carried on in 
their proximity. Where cables are carried through magazines and shell- 
rooms it is usual to run them in steel pipes ; but such are generally few 
in number, and consist of straight runs in these positions. The running 
of cables in steel pipes is not usually practicable owing to the tortuous 
nature of the cable runs ; for similar reasons, cables armoured with 
steel wires spirally wound are not advocated. 

The system now adopted by the German and one or two other 
Navies, of using lead-covered cables protected by a jute braiding and 
having an armouring of fine steel wires, has much to recommend it, 
and might with advantage be adopted on our own ships. In practice 
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its disadvantages over plain lead-covered cables are inconsiderable ; it 
is quicker and cheaper to run, and withstands a great deal of ill- 
treatment. 

In order that the conditions under which electrical gear is often 
called upon to operate on board ship may be fully realized, one or two 
special applications will be considered more in detail. 

Take, for instance, the central trunk hoist of a heavy gun-turret ; 
this is used to convey the ammunition from the magazines, part of the 
way up to the gun, where it is transferred to the gun-loading hoist 
when two-stage loading is employed. The shell and powder cages of 
the central trunk hoist are frequently independent, the powder cage 
stopping at the magazine level when descending, and the shell cage 
continuing to the shell-room flat. With such an arrangement when 
raising the cages, the shell cage starts first, rapidly accelerates to full 
speed, then slows down, picks up the powder cage, and the two moving 
as one, accelerate to full speed, and must slow down again just before 
reaching the top in order not to strike the stops too violently. Con- 
versely, when lowering, the combined cages must slow down just 
before dropping the powder cage; the shell cage then accelerates to 
full speed, slowing down again just before reaching the bottom. 

At first sight it would appear a simple matter to satisfy the above 
requirements ; in practice, however, it is not so, and it becomes doubly 
dificult when the following points are taken into consideration :— 

In the first place a total lift of perhaps зо ft. has to be done in from 
6 to 7 seconds, the distance separating the shell and powder cages at 
the bottom being approximately ro ft. ; consequently during the first 24 
seconds the motor has to accelerate to full speed, slow down almost to 
rest, pick up the powder cage, and again accelerate to full speed. In 
addition to this, various interlocking gears prevent :— 


I. The cages from rising until the doors in the trunk, both in the 
shell-room and powder magazine, are closed. 

2. The doors referred to in (1) from being opened unless the cage 
is right down. 

3. The transferring rammer in the working chamber from operat- 
ing unless the cages are right up. 

4. The cages from leaving the working chamber unless the transfer 
is complete and the rammer is completely withdrawn. 


Other conditions of a similar nature are sometimes added. These 
interlocks are easily arranged for, if remote control is'adopted ; those 
operated by the cage, however, are actuated during the last } in., or at 
the outside 4 in., of its travel, thus providing а fruitful source of trouble. 

The various cut-off and slowing-down switches may be embodied in 
a barrel-type switch driven from the winch mechanism. Each section 
must, however, be capable of separate adjustment, and the arrangement 
does not automatically provide for stretching of the rope. 

The ordinary method of slowing the motor by inserting armature 
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resistance is somewhat ineffectual, since as the hoist must be automatic 
and fool-proof the resistance will be inserted at a definite distance from 
the end of the travel, and the current will also be cut off at a fixed 
distance from the end of the travel, irrespective of the speed of the 
hoist and the voltage of the electric supply. Consequently, if the adjust- 
ments are correct for lowering a balanced cage light, at normal voltage, 
it may fail to reach the bottom should the voltage drop, say, 5 per cent, 
as it not infrequently does. The doors in the trunk could not then be 
opened ; or if the cage was, for drill or other purpose, sent down loaded 
it would probably do so with excessive shock, and rebounding slightly, 
again prevent the doors from being opened. 

The starting rheostat must operate very quickly, and be provided 
with few steps of resistance. Assuming that the hoist is balanced by 
weights equal to that of the cage plus half the load, this resistance may 
be used for slowing the loaded cage when coming up, or the light cage 
when going down, if inserted at an appropriate distance from the 
extremity of the travel. But it will be found to be quite inadequate 
to slow the cage if coming up light or going down loaded ; since under 
these conditions it may easily happen that the cage, once started, will 
continue under momentum and with power cut-off to travel the 
remainder of the distance and will bring up with too great a shock 
at the end. To assist in overcoming this difficulty a magnetic brake 
may be used ; but it should be of the series type. 

Even this arrangement will be unsatisfactory in practice, and not 
flexible enough. The motor armature should in addition be short- 
circuited 2 or 3 in. before the end of the travel, thus providing a 
powerful additional braking effect. 

If the adjustments are so made as to ensure that the cages will just 
operate with, say, 5 per cent reduction in voltage, but under otherwise 
normal conditions, then fairly satisfactory results will be obtained. 
Trouble is, however, often experienced from a variety of causes, such 
as grease on the rails solidifying during a period of disuse, slight distor- 
tion of some part of the structure causing tight places in the gearing 
rails, etc., too much paint on working parts, wear on brake blocks, or 
lack of lubrication on hinge-pins, etc., of doors and other gear operated 
directly from the cages. 

The ideal hoisting gear should be independent of such factors, and 
should work equally steadily either up or down under varying voltage, 
and whether loaded or light. The motor should start practically light, 
should accelerate rapidly without jerking the hoist, should bring 
it gradually to rest, and should be able to exert its full power until 
practically the end of the travel. The varying speed of the series 
motor renders it very objectionable. The use of variable-speed or 
double-commutator motors would assist in attaining the above require- 
ments, which can also be met to some extent by using a compound 
winding, the series turns being cut out with the last step of the 
starting resistance, and cut in again near the top of the travel. 

The required conditions are to be found embodied in Barlow's 
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patent lift gear. The essential principle of this consists in passing the 
hoist rope over a series of sheeves, one set of which revolves on a fixed 
spindle and the other set is carried by a crank. In the extreme 
positions of the crank the two sets of sheeves are respectively at the 
minimum and maximum distances apart. Unfortunately, the size and 
shape of this gear render it somewhat difficult to fit in a gun-turret, 
and it does not in itself provide for the picking up and dropping of the 
powder cage; also some of its advantages are lost if it should be 
necessary to stop in the middle of the travel, which sometimes 
happens. Consequently a plain starting-switch on the motor will 
hardly meet the case. If remote control is adopted, little is gained by 
making the motor non-reversible. The starting resistance can 
be actuated by two auto-switches ; one, being rapid in its action, 
is used at the limits of travel only; the other, which is slower, is 
used when the cage is started up from a position other than at 
top and bottom. The resistance can also be used for slowing the 
motor when picking up or dropping the powder cage. When the cage 
is up, the arm of the hoist carrying the moving sheeves is arranged to 
come to rest somewhat before reaching the dead centre, the current 
being cut off by the cage ; this ensures that the cage shall always come 
right up in the event of the rope stretching. Switches of the type 
already referred to can easily be arranged to reverse the motor when 
lowering, and to short-circuit the armature ; also to arrest it quickly 
when required in some intermediate position. 

The motor will start light, will exert its maximum horse-power for 
a short interval only in the centre of the travel, and will exert con- 
siderable power over the cage at the end of its travel, thus ensuring that 
it will get right home. 

Gun-loading Hoists.—The gun-loading hoist is another example of 
somewhat arduous conditions which have to be met by electrical gear. 
This is similar to the central trunk hoist as regards speed of lift and 
weight raised. The complication due to the necessity for slowing 
down to drop or pick up the powder cage is avoided, as only one cage 
is used for both powder and shell. As, however, loading takes place 
at any angle of the gun, whether the latter is at rest or moving, it is 
necessary to arrange that when once the cage is opposite the 
breech it shall remain there until the operation of loading is 
complete. 

The most satisfactory way of ensuring this is automatically to lock 
the cage to the loading arm, which will now have to raise or lower the 
cage in unison with the breech. It is therefore advisable, apart from 
other reasons, to provide the hoist with balance-weights equivalent to 
the weight of the cage plus half the load, in order to reduce to a mini- 
mum the strain on the loading arm and the work on the motor elevating 
the gun. Itis also necessary to pay out rope or take up the slack as the 
cage moves ; and though a system of pulleys may be used to effect this 
purpose, complications are introduced when the cage is down, since in 
this position it must remain at rest irrespective of movements of the 
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gun. Sufficient rope could of course be paid out to ensure this, and the 
slack taken up by a jockey pulley and spring ; but this arrangement is 
unsatisfactory. 

Another and more suitable method would be to drive the hoist 
through an epicyclic train, the outer member of which is freed when 
the hoist is locked to the loading arm. Another method is to provide 
a magnetic clutch on the winch barrel, freeing it from the gearing in 
the locked position. А small switch operated by the locking bolt will 
easily effect this. The cage rope would leave one side and the balance- 
weight rope the other side of the barrel, the latter being quite free to 
revolve in unison with the motion of the gun. Тһе clutch should be 
carefully designed to ensure its being quite free when the magnet is 
energized, and to have ample holding power when the clutch magnet 
circuit is broken. Adjustment should be provided so that the clutch 
could be arranged to slip in the event of the cage coming up and the 
motor failing to stop through incorrect adjustment of cut-off switches 
or other cause. 

The remarks regarding starting and bringing to rest the central 
trunk hoist also apply to the gun-loading hoist, except that the necessity 
for compensating for movements of the gun renders the use of anything 
in the nature of the Barlow gear inadmissible. It has already been 
pointed out that slowing down by armature resistance is unsatisfactory. 
Greatly improved results could be obtained by the use of a variable- 
speed motor giving its normal horse-power at the low speed, and 
arranged to be speeded up automatically by weakening the field, also to 
have its field automatically strengthened when reaching the limit of the 
travel or if stopped in an intermediate position. The motor would then 
give its normal power up to the last moment, thus minimizing the 
possibility of the cage stopping short of the limits of travel when the 
voltage is down, or of the motor refusing to restart in the same direction 
after the hoist has been stopped within the limits of the slowing-down 
switch. Both of these annoying contingencies will often occur if, when 
wishing to slow down, reliance is placed on armature resistance alone. 
It has already been pointed out that a magnetic brake is not of much 
use in this connection ; but short-circuiting the armature is advantageous 
in bringing the motor quickly to rest ; especially as the cut-off will be in 
about the last 3 in. of the travel of the cage. Some special device 
such as an oil buffer may be used to deaden the shock at the top and 
bottom. 

Interlocking is provided to prevent the cage leaving the bottom 
unless the transferring rammer is withdrawn and the brecch open ; also 
to prevent the cage being lowered if the gun-loading rammer is out. 
The switchgear may be precisely similar to that used for the central- 
trunk hoist. 

The universal transmitter could be applied with excellent results to 
the gun-loading hoist. The chief advantage being the fact that whilst 
the motor runs at constant speed throughout the travel, the hoist may 
be gradually started up and brought gently to rest against the loading 
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arm, the full power of the motor being available until the very last 
moment. 

Gun-loading Rammer.—This differs considerably from the two cases 
referred to above, and is eminently suitable for push-button control by 
means of an automatic reversing switch and without the use of a starting 
rheostat, since the rammer has to make in less than 12 seconds some 
three double-strokes of varying length to accommodate the shell, the 
first two quarter-charges of powder, and the last two quarter-charges of 
powder. The shell must be pressed well home until there is no doubt 
that it has been properly rammed. The motor can then be reversed. 
In the case of the powder strokes, however, the powder must on no 
account be crushed up by the rammer, which must therefore be stopped 
automatically at the correct distance. The motor should be shunt- 
wound, since short-circuiting the armature is almost essential for pulling 
the motor up quickly at the limits, particularly at the end of the powder 
stroke. If partial charges are being fired, and the rammer tends to run 
on after current is cut off, then the powder will be rammed unnecessarily 
far into the breech. 

The rammer may be arranged to reverse automatically at the end of 
the powder stroke irrespective of the position of the control push- 
button. The same can be done for the shell stroke by means of a 
special switch operated by a spring or other means, stopping and 
reversing the motor irrespective of the length of the shell. This is not 
always satisfactory, however, since it does not insure that the shell shall 
be rammed completely home before the reversal takes place. 

A preferable arrangement would be to allow the motor to run 
as long as the control button is kept pressed. The fact of the shell 
being home is apparent to the operator, who then releases the button. 
The motor automatically reverses at the moment of releasing the 
button, and the rammer withdraws. If the gun is at any considerable 
elevation the shell may slip back; this occasionally happens. The 
rammer may be instantly stopped and sent out again on pressing 
the control button. 

Friction plates must be provided between the motor and gear 
so that should the button be kept depressed after the shell is home 
no damage will be done, as the motor will revolve without further 
affecting the gear. 

In view of the severe conditions, the main switchgear may be 
identical with that of the two hoists ; and the cut-off and interlocking 
switches can be combined into one small barrel-type switch carrying 
the current of the automatic-switch magnet only. Each section of 
this switch must be capable of independent adjustment. 

Training.—A problem of quite a different nature is that of training. 
The work involved in training heavy gun-turrets would place no diffi- 
culties in the way of electrical operation were it not for the wide speed- 
range often called for, necessitating a motor of, say, 750 revs. per 
minute maximum speed being capable of running at less than 3 revs. 
per minute. Even this range is regarded by many as insuffcient. 
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It is almost an impossibility to obtain this range with a single 
motor. If the Ward-Leonard system be adopted, a range of 200 to І 
may be obtained with specially designed gear under favourable circum- 
stances ; but many factors must receive careful attention. The ohmic 
resistance of the circuit between the generator and motor armatures 
must be kept very small, otherwise the speed becomes fluctuating 
and unsteady. For instance, if the turret is just creeping and moving 
easily very little current will be flowing; if the resistance to motion 
then increases owing to a tight place in the gearing or other cause, 
the current will be increased and the available voltage absorbed in 
overcoming the ohmic resistance : consequently the motor will stop. 
Or if the control wheel is put over a little to increase the voltage 
of the generator, as soon as the tight place is passed the motor will 
increase in speed to an objectionable extent unless checked by another 
movement of the control wheel. 

Another difficulty is due to the initial friction of the turret requiring 
a greater current to start it into motion than is required to keep it 
moving when once started. Consequently the turret once in motion 
will continue to accelerate for some time, necessitating a backward 
movement of the control wheel if a creeping speed is required ; this 
is a recognized difficulty with the Ward-Leonard system, and various 
schemes embodying special windings or mechanical devices have 
been patented from time to time to overcome it. 

One disadvantage of the Ward-Leonard system is the sluggishness 
of control due to the time taken in the building up and dying away 
of the generator field. Residual magnetism in the generator is also 
sometimes of sufficient magnitude to interfere considerably with the 
sensitiveness of the control. 

The above points should be kept in mind and special care taken 
in the design of the generator to overcome them. A potentiometer 
control resistance is better in many respects than a series resistance, 
as the total amount of resistance will be much less and the sparking 
on the controller considerably reduced. In the case of the potentio- 
meter resistance it has been found that after short-circuiting the 
two ends of the field in the centre of the resistance considerable 
residual voltage remains; but on breaking the circuit this voltage 
is reduced. 

The generator armature should form a short-circuit for the motor 
armature, and thus exert a braking effect upon the turret; but 
with a sluggish field this effect is greatly minimized. If an auto- 
matic switch be introduced to short-circuit the motor armature the 
turret can be easily and effectually stopped; but the tendency to 
residual magnetism in the field is increased, making it very sluggish 
in picking up when it is desired to train in the opposite direction. 

‘To ensure the best results the resistance of the generator and motor 
armature and the leads between the two should be kept as low as 
possible. The generator magnets should be laminated throughout 
to ensure rapid demagnetization. The mass of iron in the generator 
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and motor should be kept as small as possible consistent with the work 
they have to do. 

The Ward-Leonard system has in the past been considerably used 
for turret turning, but other arrangements are now coming to the front 
which appear to give considerably better results, notably the two-motor 
system as applied to printing presses, also the universal transmitter— 
the latter probably shows up at its best when used as a training con- 
troller. No interlocking gear is necessary for the training circuits, but 
could easily be introduced electrically, say to prevent the guns of one 
turret from firing into the guns of another. This may be done by 
either arresting the training in the case of purely electrical systems 
or opening the firing circuits when the guns are within the danger 
zone. 

Means must also be taken to limit the travel of the turrets at the 
extremes of training. 

The four examples quoted above are sufficient to indicate the dis- 
abilities under which electrical gear suffers in comparison with 
hydraulic apparatus for ship work, particularly in gun-turrets, where 
the ease with which the latter enables some of the operations to be 
controlled has up to the present outweighed the advantages possessed 
by electricity. 

Given, however, situations designed for the reception of electrical 
apparatus, thoroughly reliable switchgear and motors, and the sim- 
plicity—from the operator's point of view—of push-button control, 
electricity should not fear competition from hydraulic power. But 
although these conditions can now be complied with, the electrical 
engineer still has the difficult task before him of overcoming the 
prejudice which exists in certain quarters against the more extended 
use of electricity for shipwork. | 


DISCUSSION. 


Mr. WM. ROUTLEDGE: I have listened to Mr. Pyne's paper with 
more than usual interest because so much of what he has said in 
regard to the design of electrical gear reminds me of what I have 
myself experienced. I should like just to refer to what he has said about 
the comparative merits of hydraulic and electrical gear as regard their 
reliability. I have often taken up the cudgels on behalf of electricity, 
and I must admit that in the case of trouble due to leakage, or a total 
stoppage due to a broken pipe, as against a broken wire, the cause of 
the trouble is more easily located in the case of hydraulic gear, but 
there I think the advantage to a great extent ends, and a little con- 
sideration may show that the case for hydraulic gear is not so strong as 
at first sight appears. If the trouble is due to some internal defect, not 
easily diagnosed, then I think that electrical gear is much more easily 
opened out, examined, and closed up again, than its hydraulic 
equivalent; and assuming each to be in the hands of experts, the 
trouble, when located, is probably as easily repaired in one case a5 the 
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other. To shut one's eyes to the fact that electric gear, especially M 


automatic control, is often “tricky” and liable to get out of order would 
be foolish, but I think Mr. Pyne will agree with me when I say that a 
large percentage of stoppages and breakdowns can be prevented ; and 
this gives point to Mr. Pyne's three essentials in good design, viz. 
accessibility, simplicity, and suitability. I have seen controllers made 
for use in the navy with the connections, etc., placed in the most 
inaccessible positions. The entire front was taken up by the controller 
fingers and a very solid “ barrel,” and behind these were all the con- 
nections. Thesc latter could not be touched without first removing the 
control fingers and then the “barrel.” A more inconvenient and un- 
suitable piece of apparatus for ship work I never saw. More recent 
supplies for the same duty, however, show a marked improvement, 
makers now having a better understanding as to what is required. 
Now as to simplicity, an electric controller is essentially a thing of 
many parts,and multiplicity of parts generally means increased chances 
of breakdown ; but even with a complicated design much may be done 
to prevent trouble. In this connection I might say that I have had 
some considerable and useful expcrience experimenting with and 
‘working out motor control gear for the electrical steering of ships. 
Some of the motors were of fairly large size, up to 140 h.p. The con- 
trollers were of the “contactor ” type with self-synchronizing distant 
control, and between the steering-wheel upon the bridge and the motor 
aft there were no less than five relay movements, and so far from being 
simple this apparatus was about the most complicated thing I have ever 
handled. Yet although my firm supplied six sets under a “ no satisfac- 
tion, no рау” contract, all these ran their full trials and the year's 
guarantee without failure. This result was solely due to our having 
carried the *' attention-to-detail-business " to an almost extreme limit. I 
was dubbed a ''faddist," but my faddism was justified by results. Such 
trifles as screws, terminals, springs, insulation, etc., came in for a lot of 
attention. It is remarkable how some makers will trust to the holding 
power of the ordinary slot-headed screw, often quite a large size, for 
some very important part. If subject to vibration it often works loose 
and a stoppage occurs. The screw is tightened up perbaps with a 
pocket-knife, and the same thing happens. Finally the apparatus is 
reported as unsuitable, and “another electrical failure” is proclaimed. 
I never use a screw of the kind described, except in small sizes, if I 
can use a hexagon-headed bolt ; and I prefer a stud and nut to either. 
Another trifle is terminal connections. The worst possible way to 
make an electrical connection with stranded cable is to turn the end 
round under the head of a screw or nut. Nearly as bad is that 
terminal, technically known as a “telegraph pillar," banned by the 
Admiralty but still largely used by good firms for other work ; some- 
times a sweating thimble is used instead of the bare cable end, which is 
a trifle better. Springs are a necessary evil in electrical work. If the 
same effect can be obtained by the use of a weight it is wise to use one ; 
but a positive motion, if obtainable, is preferable to either. If a spring 
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must be used I generally try to duplicate it in case one fails. As to 
insulation, Mr. Pyne referred to the Admiralty method of bushing 
holes. If properly carried out this gives excellent results, but why not 
do away with bushing altogether? I have seen large “contactor ” 
controllers without a single bushed hole in the entire construction, all 
parts being built up on mica-covered bars and angles. 

After these rather elementary remarks may I urge this point : A 
serious breakdown or total burn-out is comparatively rare: the trouble 
is generally owing to some trifle—“ just a screw loose," “ just a loose 
connection," etc. Now I have heard the case against electricity 
summed up in these words: “ Anything depending upon the uncertain 
action of a magnet can never be considered reliable." I contend, how- 
cver, that the action of a magnet is not uncertain, although the way it 
is applied, or adapted, may cause it to be. After perfecting the 
principle of a piece of apparatus to insist upon attention to small detail 
will always prove to be worth while. Mr. Pyne referred to regenera- 
tive brakes. I should like to know what his experience has been, 
particularly in regard to the type of switch used for short-circuiting 
large motors. . 

Mr. Т. G. Nyporc: I notice that Мг. Pyne does not consider time 
lag necessary on the solenoid-controlled starter. I haverecently made 
some experiments with a 20-h.p. motor and a two-stage solenoid-con- 
trolled starter ; and with no external time lag it took a current of 
300 amperes to start the motor, whilst with a time lag of } second 
between the steps it only required 60 amperes. No doubt solenoids or 
magnet coils could be so dimensioned that the self-induction would 
cause the necessary time lag, but I think it would make the coils too 
large, or the coils would not operate at a lower voltage than the 
normal. I quite agree with the author that the difficulties in connec- 
tion with the use of the electrical drive on warships lie mainly in the 
switchgear, which should be constructed more on the lines of with- 
standing rough usage, both mechanical and electrical, than to give 
good contact, and special care should be taken that there is ample 
space for the dispersion of the arc produced by breaking inductive 
circuits. I have no doubt that with a little more experience the 
electrical controlling of gun-turrets will be equally as good as with the 
hydraulic system, as far as working is concerned, and far superior with 
respect to climatic conditions. А friend of mine who was in a South 
American navy informs me that it is often necessary to renew all cup 
leathers after the ship has been laid up for more than a fortnight. It 
should be remembered that hydraulic gear was not brought to its 
present state of efficiency at the first attempt, and I am confident that 
when electrical engineers apprehend more clearly the conditions under 
which the guns are required to be worked, they will easily be able 
to comply therewith. 

Mr. J. Н. HoLMEs : I have not had much experience of the applica- 
tion of electricity to warships, but what experience I have had goes 
back a great many years to the time when cargo boats first began to be 
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fitted with electric light. I was rather surprised to note that Mr. Pyne 
in the first page of his paper says, “ А larger proportion of cargo boats 
are now fitted. with electric light." I feel tempted to ask if there are 
any boats which are not now fitted with electric light. The way in 
which Mr. Pyne recommends motors up to ro h.p. to be connected up 
seems rather hard on tlie motor, butas he says that a resistance is used 
permanently in the armature circuit, it may be all right. Mr. Pyne 
also says that these motors must withstand 3 or 4 times the load spark- 
lessly for very short intervals, but surely the length of run does not 
materially affect the sparking ? With regard to gun-turrets, I should 
like Mr. Pyne to explain what he means by the universal transmitter. 
If he means the Williams-Janney mechanism, there is a full description 
of this apparatus in the issue of Engineering dated 31st January, 1913, 
and this I commend to the attention of members as worthy of careful 
study, as this extremely ingenious piece of hydraulic mechanism is 
likely to be of great service where variable speeds are required. 

Mr. F. О. Hunt: I should like to point out the similarity between 
these hoisting problems and those met with in connection with “ push- 
button " lifts on land, especially as regards the severity of the positive 
and negative accelerations. Опе of the limitations of these lifts is the 
difficulty of obtaining accurate stoppage of the cage at the floors, 
regardless of the load in the cage. For this reason “ push-button " 
lifts are arranged to run more slowly than those controlled by,“ switch- 
in-car.” On going into the matter in detail one finds that the motor 
armature and the brake pulley store by far the greater part of the 
kinetic energy in the moving system. Further it is seen that for 
comfortable stoppage in the minimum range of travel, the ordinary 
brake does not take out the energy according to the most suitable law. 
The energy should be absorbed in proportion to the square of the 
velocity, not in proportion to the first power of the velocity. Thus 
there is a double reason why Mr. Pyne found it essential to use the 
motor as a dynamo to obtain the necessary severe retarding torque. I 
am glad to see that the author advocates motors with * temporary 
compound" winding for such duties, and I would suggest that his 
remarks on page 163 point to the use of motors designed with abnormally 
low magnetic densities in order to make the compounding as effective 
as possible. With regard to the section on variable speed motors 
(pp. 170—171) I should be glad if the author would say whether inter- 
pole motors are there under consideration, and also whether the speeds 
are kept at such a low range to avoid trouble from stored energy in the 
armature. A little further information respecting the “ friction plate " 
device mentioned on page 170 would also be welcome. Is it of the 
nature of the Hele-Shaw clutch ? 

Mr. W. ВАХТЕЕ: Mr. Pyne seems to complain about switchgear 
more than about any other part of the installation. This is probably 
due to the fact that, up to very recent times, switchgear has been 
looked upon as a necessary evil, but not a thing of very great im- 
portance. The result of this has been that the design of switchgear 
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has received a good deal less attention from specialists than have 
motors and generators. Even at its best, however, switchgear is not 
ideal for many positions on board ship, and I think that much more use 
might be made of well designed friction clutches in conjunction with 
constant running motors, which can, of course, be started up absolutely 
light. It is too much to hope that the naval architect will kecp 
electricity in view, and so modify his designs, as the general experience 
is that electrical apparatus and cables have to give place to steam, 
water, oil, and air pipes, and other fittings. Although an electrical 
engineer, I think there can be no comparison between hydraulic 
apparatus, which is simple and reasonably efficient, and electrical 
apparatus, which is inherently more complicated and less robust. I 
think that in many cases motors are hidden away in inaccessible corners 
mcrely because they have been put there on the previous ship of the samc 
class, and this is due to the fact that initiative does not always pay in 
connection with Government work. I do not see why the “ Barlow” 
gear with a constant running motor and a suitable clutch cannot be 
modified so as to make two-stage loading with it practicable. It would 
be a simple matter to arrange a modification of this gear in such a way 
that the shell cage would momentarily come to rest just before picking 
up the powder cage, and the whole thing could then be accelerated and 
automatically brought to rest when the top was reached. I think it 
would be a mistake to introduce automatic interlocking for the training 
circuits, and I consider that the turret danger signals should give ample 
protection. With automatic interlocking in the training circuits it 
would be necessary to arrange for this to come into operation as soon 
as the line of fire of one turret came within a certain distance of the 
muzzles of the guns in the neighbouring turret, but in the event of one 
of the turrets being disabled it might be possible to depress the muzzles 
of its guns and so allow the guns of the “healthy” turret to be trained 
further round with perfect safety. 

Mr. J. ScuuiL : Has any use been made of large solenoids for 
reversing machines. I should think that solenoids would be the right 
thing to use for very quick reversing. 

Mr. W. A. A. BunRGESS: I gather from Mr. Pyne's opening remarks 
that the use of a battery cither to help the ordinary lighting set or else 
to take the whole duty of unloading and loading motors on a merchant 
vessel is not considered practicable. While this may be the case for 
small coasting vessels I imagine it would be worth trying on the larger 
cargo and passenger boats where lighting is most important in cases of 
emergency. Neither Mr. Pyne nor any speaker in this discussion has 
referred to the use of three-phase current on board ship, and in view of 
its many advantages, and in particular the strong construction of three- 
phase motors, I should be glad to know what are the objectionstoit. It 
occurs to me that even where for special reasons—of which I should 
like some examples—continuous current is preferable, it would be 
worth while to use three-phase power for hoists and winches, and many 
other duties where dampness or sea air is the cause of trouble, even if 
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this would involve the use of that much-maligned machine the double- 
current generator, as the three-phase motors would usually only be 
wanted when all the other supplies were off. With reference to Mr. 
Pyne's remarks re a ring-main system, this would naturally be con- 
sidered, especially on so important a distribution system as a battleship 
involves, but a ring main is hardly worth the extra copper if not 
protected by a discriminating fault-protective device, as overload 
devices of all types are notoriously useless for discriminating purposes, 
and therefore a heavy fault invariably means the tripping of all the 
switches in the ring, and moreover it is quite impossible to tie the 
ring satisfactorily and safely at convenient places without a reliable 
discriminating protective device. I notice Mr. Pyne refers to protective 
devices as more or less undesirable complications, and while I readily 
agree with him if he refers to non-discriminating devices, I am quite 
unable to accept the view that a simple discriminating device which 
balances the ingoing current against the outgoing in a given circuit, 
and the operating parts of which consist merely of a switch tripped by 
a differentially wound solenoid, is nearly so complicated as the remote 
control devices һе illustrates, excellent as they have been said to have 
proved in service. The author will possibly find a more or less natural 
solution of the requirements of ammunition hoists and motors for similar 
duty in the Thury constant-current system with continuous-current 
series motors controlled and reversed merely by brush movement. If 
it is required to obtain still higher acceleration than the standard motor 
of this type affords, a differential shunt winding connected across the 
brushes will give all that is required ; and there need be absolutely no 
complicated remote control switches and starters and no heavy current 
rushes on starting beyond what a motor of the ordinary commercial 
type will stand. 

Mr. A. P. PYNE (in reply): Mr. Routledge's remarks confirm my 
own experience in nearly all respects. Iam pleased to hear him stick 
up for electricity in place of hydraulic power. I have also found some 
difficulty in obtaining suitable springs, and after considerable experi- 
menting I eventually concluded that the spiral steel spring was the 
best, if properly made. The question of bushed holes versus clamping 
on to micanite insulated bars has received a lot of consideration ; 
bushed holes were first used, and were superseded by bars, but bushed 
holes were reverted to in many cases, as it was found that clamped 
parts were liable to move in course of time, possibly upsetting some 
essential adjustment. Bushed holes are quite reliable if carefully made 
in the manner suggested. With regard to regenerative brakes, the 
special motors I have in mind were capable of being pulled up from 
full speed practically instantaneously, without injurious sparking on 
the commutator. Carbon contacts appear very advisable for the 
short-circuiting switch as has already been pointed out. I have, how- 
ever, used quite successfully a copper leaf contact with auxiliary copper 
and carbon contacts for short-circuiting large motors. In this case a 
small amount of resistance was used in circuit with the armature—the 
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current was in the neighbourhood of 1,500 amperes. The switch was 
held against the short-circuiting contacts by a spring, supplemented by 
a series coil, the pull of which of course increased with the current, but 
released the switch as the armature came to rest. 

In reply to Mr. Nyborg, I have always fitted “time lags,” but 
consider аё in the special instances under consideration they can 
be eliminated, and the rush of current when “switching on" kept 
within reasonable bounds by other means, such as the contact resist- 
ance inherent in the type of switch advocated, a permanent resistance 
placed in the armature circuit, or a certain amount of self-induction in 
the magnet coils, as indicated by Mr. Nyborg. 

Mr. Holmes does not agree with my remarks as to the number of 
cargo vessels fitted with electric light. Not having the figures by me 
at the time I preferred to state that a larger proportion of vessels were 
now fittedethan formerly, which would still be correct if all vessels 
were now so fitted ; as a matter of fact, there are a number of cargo 
ships running or building unprovided with electric light. The switch- 
ing of motors up to ro h.p. directly across the mains is perfectly 
feasible under the special circumstances. I have had a number of 
motors so connected under observation for several years, and as far as 
I can ascertain they have given no trouble. "They have, of course, to 
be of special design; the motors to which I refer have all their keys in 
duplicate and machined out of the solid spindle. Such motors stand 
up to their work better than the switchgear. The length of time 
during which they must be capable of withstanding three or four times 
the normal load has, of course, no bearing on the sparkless running, but 
the fact that it is not necessary to carry this overload for more than 
one or two seconds enables a smaller motor to be used than would 
otherwise be the case. The “ Williams-Janney Mechanism" Мг. 
Holmes speaks of is the same as I have alluded to as the “ Universal 
Transmitter," by which name it is now very generally known. 

Mr. Hunt's experience with regard to stopping a hoist cage with the 
necessary exactness under varying conditions is evidently similar to my 
own, but with this difference, that whereas a passenger lift operated by 
push-button control may be arranged to run at a lower speed than by 
“ switch-in-cage" control an ammunition hoist must come up at the 
maximum possible speed. Again, in the case of, say, a rammer motor, 
one instant it must be running at full speed, and the next it must stop 
practically dead. In such a case friction plates are absolutely neces. 
sary. This device may consist of alternate steel and gunmetal discs, 
the steel discs attached to one member and the gunmetal discs to the 
other, the whole fitted in a gunmetal case forming an oil bath, thus 
being somewhat similar to the “Hele-Shaw” clutch. With regard to 
the magnetic density in the motors, this must not be too low, otherwise 
the speed would be abnormally high when running as shunt motors. I 
have not tried interpole motors under the circumstances in question, 
but believe they could be used with considerable advantage. 

Mr. Baxter advocates constant-running motors and the use of 
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clutches in connection with them. Clutches have their advantages, and 
can be effectively used in some cases, but not in many, particularly 
where fine adjustments are required. I am afraid I cannot agree with 
Mr. Baxter's remark “ that the use of electricity is being carried too 
far.” Hydraulic gear has its advantages, but also its disadvantages, 
which soon become evident when ships go into extreme climates. The 
Japanese in a number of their ships use hydraulic gear, with electric 
gear as an auxiliary. I do not quite follow Mr. Baxter's remarks in 
regard.to the Barlow lift gear; if the shell cage comes to rest before 
picking up the powder cage, as he suggests, it appears to me that, on 
restarting, one of the principal advantages of the Barlow gear will be 
lost. With regard to so-called “turret danger signals," these really give 
no protection at all, they merely call attention to the danger which 
exists, and depend on the personal element to avoid it. It is quite 
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simple to introduce a system of interlocking between turrets which ` 


will open the firing circuits and lock the percussion firing gear at the 
same time, and, if necessary, give a visual and oral signal. Such a 
system, if properly designed, would, on the guns of the damaged turret 
being depressed, to which Mr. Baxter refers, allow the guns of the 
“healthy” turret to continue firing, and, if necessary, to train farther 
round. Such interlocking gear for opening the firing circuits and also 
for automatically limiting the arc of training under certain circum- 
stances is now in use in several foreign war vessels. 

Mr. Schuil asks if solenoids have been used for rapid reversing ; I 
have only endeavoured to use them in connection with a rack and 
pinion for operating a reversible controller, but have found that for 
most purposes the size is prohibitive. 

Mr. Burgess refers to protective devices for ship work. I have 
never come across a case where balanced protection has been used, and 
I am afraid there is not much scope for it on board ship. Regarding 
the Thury constant-current system ; I went into this matter very 
carefully some years ago, and came to the conclusion that it possessed 
considerable advantages for the work under discussion, but that 
experimental work on a fairly extensive scale would have to be under- 
taken before a definite scheme could be put forward with confidence. 
With regard to the use of three-phase current on board ship, the large 
majority of motors are used for purposes requiring a considerable speed 
range, and although cascade windings might meet the case in some 
instances, on the whole the continuous-current motor is the more 
suitable, 
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THE COMMERCIAL ASPECT OF ELECTRIC 
COOKING AND HEATING. 


By T. P. WILMSHURST, Member. 


(Paper reccived 3rd February, and read before the BIRMINGHAM 
LOcAL SECTION 26th February, 1913.) 


The object of the present paper is to consider how far the use 
of electricity in the home is likely in the near future to supersede 
existing methods of cooking and heating. 

The question of lighting may be considered settled. The author's 
experience for some years past has been that all new houses within reach 
of the mains, of a rental value as low as 7s. per week, аге now wired’ 
as a matter of course for electric light, even though the initial cost 
may be £4 105. per house as against 305. to 40s. for gas, as the owners 
now realize that houses fitted with electric light have a better letting 
value. ° 

While the almost universal adoption of the metallic filament lamp 
has resulted in the spread of clectric lighting, it is unfortunate that the 
revenue per house has, due to the same cause, simultaneously dropped 
to one half or less, while the cost of the service and meter remains the 
same. In view of future heating developments it is not advisable to 
reduce the size of service cable to such houses below, say, 7/18 S.W.G., 
and in any case the cost of, say, 20 ft. of 7/18 cable is only about 15, 
more than for a 7/20 cable. 

The obvious remedy is to seek other sources of revenue from the 
same consumer, and the most attractive problems at once appear to be 
cooking and heating. 


COOKING. 

Let us for a moment examine what is being done by our com- 
petitors. It is probably no exaggeration to say that considerably 
more than half the revenue of a modern gas undertaking is derived 
from the cooking load, while the greatest cooking load in the smaller 
houses occurs on Sundays. In the table on page 181, taken from the 
Gas World Annual, figures are given of the progress of gas cooking 
during four years in a number of towns of various sizes. 

It must at the same time be confessed that these are not all large 
cookers, but that some, for cottage use, аге not much more thay 
enlarged gas rings. 
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It is somewhat difficult to arrive at the average revenue per gas 
cooker, as one meter only is used for measuring the gas used for all 
purposes. The revenue also varies in practice from 6d. to 5s. per 
week, according to the habits of the users and the size of the apparatus, 
but for cookers suitable for carrying out the same operations as the 
electric cooker a revenue of 30s. per quarter will be found to be not 
far from the average, and this load is almost entirely a day load. 


Number of Gas Cookers on Mains. 


Name of Town. pe UMOR UY YR a a ce mL 


1908. 1912. 
London— 
Gas, Light and Coke Company .. 312,865 475,853 
South peo oro com — 245,165 281,880 
Manchester ... ds 36,214 53,730 
Liverpool  ... i iss i 46,976 49,333 
Birmingham ... ovs a i 34,069 40,945 
Leicester ‘xi “з dos Же 45,699 49,283 
Huddersfield ... - s T 17,201 23,567 
Derby ... des ae ын aus 11,819 17,500 
Sunderland ... er er ies 12,627 13,700 
Southampton ... TA i i 16,834 21,473 
Coventry axe р iis E 11,102 17,332 
Taunton сё - iud ns 2,300 2,900 
Rochester ... je iss zs 3,000 5,600 
Kettering s m гер iis 4,001 4,379 
Hereford NO т i iis 2,8 3,215 
| Enfield... es ies ius és 38 6,972 
Colchester ... dim 7 S 2,890 4,519 


— AT E a er a e aam 


How have these magnificent results been obtained ? 


I. By supplying an article which fairly well met the needs of the 
consumer. 

2. By supplying such article at a low rental (usually 1o per cent 
per annum) or free of all rental, the cost being recovered by 
the extra charge made for gas supplied through a slot meter. 

3. By the innate advantages of availability and cleanliness. 

4. By good business organization, including intelligent canvassing 
and generally studying the needs of the householder, and by 
frequent popular demonstrations and lectures. 


It is unnecessary to draw attention to the fact that in a gas oven the 
joint of meat during the whole cooking operation reposes in an atmo- 
sphere consisting of the objectionable productsiof combustion of coal 
gas ; and many consumers have, on taking up electric cooking, at once 
been struck with the vastly improved flavour of the meat. If it can be 
proved to the consumer's satisfaction that electric cooking is not more 
expensive than gas or coal-fire cooking, the battle will be won, as the 
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innate advantages of the former are so considerable that progress is 
bound to be very rapid. 

Until recently electric cooking has been to all intents and purposes 
non-existent, As to the reason, the makers and the supply engineers 
will no doubt differ. The latter, busy with the development of their 
power load, have not urgently called for the apparatus, or possibly have 
not seen a sufficiently satisfactory article at a reasonable price. The 
manufacturers, with one or two exceptions, have not apparently thought 
it profitable to spend money on experiments when there was no demand, 
and so we have gone round in a circle. 

The author's first experience, about three years ago, was with a 
“lagged” or “black” oven made by one of the best firms in the 
country : the design, however, was crude, and the makers evidently had 
not studied the housewife's problem at first hand. The oven was fitted 
with open resistance coils loaded to 1,600 watts. The coils soon failed ; 
but while they lasted it seemed impossible to eradicate the smell of 
burnt fat which had accidentally been dropped on them. There was 
also no provision for top heat, and hence the baking of pastry was 
practically an impossibility. Embedded in the top were two hotplates, 
each loaded to 600 watts, too much for simmering purposes and too 
little for quick boiling—a quart kettle of water required 23 minutes 
to boil. 

These results were typical of those obtained with several other 
ovens designed about the same time, and in the author's opinion 
retarded rather than helped the advance. 

At Olympia in September, 1911, several types were exhibited which 
showed a marked advance in design ; but it is, in the author's view, 
largely due to the business foresight of one man, Mr. A. F. Berry, that 
substantial progress is now being made. As is well known to all supply 
engineers, Mr. Berry has for some time past organized a series of 
lectures and demonstrations in various towns, given by Mr. F. S. 
Grogan, in co-operation with the local supply authorities: these prac- 
tical demonstrations have done more to stimulate public interest than 
any amount of literature could have effected, and the author sincerely 
hopes that Mr. Berry is now ceaping the reward of his enterprise. 

The author's experience may be of interest. Prior to Mr. Grogan's 
visit only two cookers were connected to the Derby mains, and they 
were evidently regarded as luxuries, as the revenue from them was 
small and fitful. The Derby Corporation offered to lend a complete 
outfit to bona fide lighting consumers for a week's free trial, including 
temporary wiring, with the result that over 30 satished consumers were 
coupled up within two months ; others have come on since, and several 
new houses are being completed in which cookers are arranged for. 

These results may appear meagre, but they are a satisfactory 
beginning. It must be borne in mind thata complete change of method 
of cooking is almost asimportant to the housewife as a change of houses, 
and there is in consequence a great deal of innate conservatism to be 
overcome. 
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The advantages of electric cooking are at once apparent to those 
who adopt it, the chief being :— 


. I. Absolute cleanliness. 

2. Absolute certainty of results, owing to the voltage limit restric- 
tions laid down by the Board of Trade. This is in marked 
contrast with the results obtained with gas cookers, owing to 
the wide fluctuations of gas pressure in practice, or with the 
results with coal ovens. With the “Tricity” system abso- 
lute evenness of temperature is attained by a simple arrange- 
ment of deflectors fixed under the top heater and over the 
bottom heater. With an electric cooker it is only necessary 
to weigh the joint and allow 15 to 20 minutes per pound, 
according to taste, and at the predetermined time the joint 
is taken out with the certainty that the meat will be cooked 
perfectly and without the door of the oven having once been 
opened. 

3. A saving owing to the diminished loss of weight as compared 
with other methods. 


This is the best money-saving argument, and although many con- 
vincing figures have becn given both before the Institution and in the 
Press, a few further figures may not be out of place. 

In the introduction to “Mrs. Beeton's Cookery Book” it is stated 
that with coal or gas-fired ovens the loss of weight in cooking beef or 
mutton is 25 per cent to 33} per cent, and with pork the loss is nearly 
50 per cent owing to the greater proportion of fat. With an electric 
cooker this is very much reduced. The author hopes that figures may 
be given in the discussion with regard to the saving with the “black " 
or lagged electric oven, but the following figures, some of which are 
taken from experience at Derby, relate to results with the “bright” 
oven, of which the “Tricity” is the best known type. 


From the Coal Range. 


Raw | Cooked. | Percentage Loss. 
Sirloin of beef ... „о зе 7 4 P B 4U3 
Ribs of beef  ... sis “з к 17 3 12 зго 
Boned sirloin of beef ... x 4 Oo | 2 13 29'7 
Half-leg of mutton  ... ba 4 0 2 13 29'7 
Leg of pork з gis .. | IO I4 6 9 | 39:6 


Marmalade making :—18 lb. orange pulp and sugar gave 13$ Ib. 
of marmalade, or a loss of 25 per cent. 
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From the Gas Oven. 


Percentage Loss. 


Ribs of beef | I9'O 
Sirloin of beef ... 37 -- | 240 
Leg of mutton ... | 27°3 

Raw. Cooked. | Percentage Loss. | 

| Ib. oz. lb. or. 

Ribs of beef  ... is e. | IO 14 9 13 9'8 
Sirloin of beef ... “з з 6 о 5 6 IO'4 
Ribs of beef  ... n |: 5 3 4 13 72 
Shoulder of mutton  ... es | 4 14 4 5 IIs | 
Leg of mutton ... T € | 9 I 7 10 15:8 | 
Leg of pork... € .. 0: 8 9 о 14°3 | 
Sirloin of beef ... s is 5 2 4 8 12'2 
Нат гні ae “ ..| 10 о | 9 7 56 | 


Marmalade making :— 17 lb. of orange pulp and sugar gave 14 lb. 
of marmalade, or a loss of 17 per cent. 


The following is an interesting application of commercial 
cooking :— 

А pork butcher in Derby cooks an average of 30 legs of pork per 
week, as well as pork pies, hocks, etc. For nearly six months this 
cooking has been done entirely on a * Tricity" double oven measuring 
I9 in. by 28 in. by 16 in. internally. This consumer assures me that the 
saving in meat is so great as far to outweigh the cost of current at та. 
per unit. And whereas the loss on his coal range was formerly 40 per 
cent, this is now reduced to an average of 20 to 25 per cent. The 
following (see table on page 185)are a fewtypical figures obtained from 
this consumer. 

Taking the first and last results, which represent the output of the 
double oven, the saving in weight over the coal range amounts to 
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18 per cent, ог 43 lb. The cooked meat is sold at 1s. 2d. per pound ; 
therefore the net money saving on each two joints, after deducting the 
cost of current, is 35. rodd. and 4s. odd. 

This consumer also assures me that there is no comparison as 
regards the regularity of the results and the improved taste of the meat. 

If the domestic consumer would take the trouble to keep a balance- 
sheet, setting the diminished butcher's bills against the cost of current, 
it could be proved every time to his own satisfaction that he was 
money in pocket at the end of the year. 

A further obvious economy is the diminished consumption of coal 
in the kitchen. The annual consumption of coal in a house of, say, 
£50 rental is about 15 tons, of which at least 10 tons are used in the 
kitchen. In providing for warming the kitchen and providing hot 
water for baths, etc., probably not more than 4 tons are required, thus 


Percentage | Cost of Current 
Raw. Cooked. Loss. in Pence. 

lb. 02 lb. 02 
I2 12 9 12 

23 13 
Legs of pork... 12 8 9 IO 

| I3 12 IO IO 22] 8 

Pork апа hocks... | Ir о 8 4 25 10$ 


Legs oí pork... ) 214 II 


showing a saving of 6 tons, representing (at prices in the Midlands) 
£4 105. per annum. 

Users of electric cookers have soon discovered one grave defect, the 
absence of a quick-boiling kettle for small quantities of water. The 
ordinary consumer will not wait то minutes while the hotplate is 
warming up, and a further 7-10 minutes for the water to boil, when a 
kettle on a gas-ring can be boiled up in ro minutes. To meet this 
difficulty a neat arrangement has recently been devised by Mr. Berry. 
A specially shaped kettle is used, into which can be inserted a cartridge 
element (Fig. т). The resistance strip is wound on a copper tube 
covered with a layer of pure mica, the connecting leads consisting of 
four strands of the element laid along the tubes in longitudinal grooves 
so as to prevent lumps. Over this strip are wound two layers of thin 
copper tape insulated from the winding by pure mica. А brass cap, 
fitting tightly on the tube and then opened out to slip over the tape, 
finishes one end ; and at the other end is a brass terminal box, which 
carries the contact pins. When all the parts are assembled the whole 
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apparatus is soldered up solid and watertight. A smaller tube is fixed 
down the centre of the main one into the plug closing the end carrying 
the terminal box, and has holes at the bottom end; the other end: 
carries a small “umbrella.” This arrangement allows the water to 
circulate inside, the “umbrella” preventing the outflowing stream 
interfering with the cold water entering. The loading is 1,200 watts, 


v7 bold waber 


Hot water 


Brass cap 
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Kettle wall | 


Terminals 
Fic. 1.—Section of 1,200-watt “Berry” Cartridge Element. 


and this can be assisted by standing the kettle on the hot-plate. With 
an initial temperature of 40? F. three pints of water can be boiled in 
six minutes with 2000 watts, at an efficiency of over 98 per cent. 

'The author would suggest from his own experience the following 
points for the promotion of economy in the kitchen and for the 
satisfaction of the consumer :— 

When cookers are first installed, fix for a few weeks an additional 
meter alongside the cooker, and provide a card to show both the daily 
consumption and also the money saving on each joint of meat 
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cooked. Provide a small red lamp or other indication that current 
is being used. ' 

For small houses use a Is. ог 6d. slot-meter, fixed near the cooker, 
and provided with an indicator which will show when the value has 
been expended. 

Follow up the first installation of the cooker by a visit from a lady 
expert to give advice and instruction. 

The author's experience is that the consumers very soon find out 
how to get the best results from the cooker, so simple is it in operation. 

The usual practice with gas undertakings is to let apparatus out on 
hire at то per cent of the net cost of the outfit. This course has been 
adopted in Derby with electric cookers. The rentals charged are :— 


For outfit including “duplex” cooker, 


extension heater, and oven .. 4S. Od. per quarter. 
Including griller and grease рап ... 45. 3d. ,, » 
Additional extension heater ... ges: Sod. us ^ 


The small utensils used in conjunction with the hot plates are sold 
outright at prices approximately то per cent above net cost. 

The consumption of energy, at any rate with the “bright” oven, 
usually amounts to 1 to 14 units per person per day: the lower figure 
may be obtained by strict economy, and at 1d. per unit the author 
believes this will compete with gas at 2s. 6d. per thousand cubic 
feet. 

With electricity at 4d. or 4d. per unit, as is now charged in some 
towns, there is no question of the economy of electric cooking. 


WARMING OF RooMs. 


To some engineers this offers an even more attractive problem than 
electric cooking, on the ground of the much lower selling and hiring 
prices of radiators: on the other hand, it must not be forgotten that 
they are very little required in summer, whereas the cooker is an 
all-the-year-round load, and is even more used in summer than in 
winter. 

It is difficult to lay down definite rules for the amount of electrical 
energy required for warming rooms, as it depends on so many factors, 
such as the window area and the user's idea of fresh air. For proper 
ventilation it is necessary to change the air of а room three times 
an hour. 

A good rule, based on hot-water practice, is :— 


(30A + 8B -+ nC) 204 x t 


Kilowatt capacity = бо x 66 X L900 
Where— 
A = Number of square feet of window surface. 
= » » » » » Wall » 
„== » » cubic feet of air in room. : 
п = = , times air is changed per hour. 


= РА » degrees Е. air has to be raised in temperature. 
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Thus a room 30 ft. by 16 ft. by то ft., with three windows 3 ft. біп. by 
6 ft., would require 2'5 kw. to raise the temperature 20 degrees ; anda 
room 16 ft. by 14 ft. by то ft. high, with one window 5 ft. by 3 ft. 9 in., 
would require 1:3 kw. to raise the temperature 20 degrees. 

The electric radiator contains all the elements of success. It is 
clean, portable, cheerful, and instantaneous. The present difficulties 
are the innate conservatism of the householder, the necessity for two 
sets of wiring where ordinary flat rates of charging arein force, and the 
running cost where the radiators are used for long hours at the ruling 
prices of 1d. per unit. These two latter points will be referred to later. 

It is unnecessary to point out the absurdly low efficiencies of coal 
and gas fires owing to the necessity of providing for the disposal of the 
products of combustion. In the aggregate, the smoke nuisance from 
domestic chimneys is far more serious than from factory chimneys, and 
if more attention were paid by the municipal authorities, as it should be, 
to the prevention of smoke from private houses, an enormous impetus 
would be given to electric heating. 


WATER HEATING. 


This is, financially, by far the most difficult problem to deal with. 
By comparing coal, gas, and electricity on a calorific basis, the case for 
electricity appears to be hopeless, and the only salvation lies in the 
exceedingly high efficiency of the electric heater. Taking coal at 17s. 
per ton and 13,000 B.Th.U. per lb., gas at 2s. 6d. per thousand cubic 
feet and 600 B.Th.U. per cubic foot, and electricity at 1d. per unit and 
3,455 B. Th.U. per unit, the theoretical heat obtainable per 1d. works out 
at 142,750 B.Th.U. for coal, 20,000 B.Th.U. for gas, and 3,455 B.Th.U. 
for electricity. 

It is difficult to arrive at the commercial efficiency of the ordinary 
kitchen fire, considered as a water boiler ; but allowing an efficiency of 
IO per cent (which is probably far too high) for the fire, for. gas geysers 
50 per cent, and for electricity 9o per cent, a comparative statement 
is somewhat as follows :— 


B.Th.U. obtainable 
for 1d., assuming |Efficiency in practice; Useful B.Th.U. 


тоо per cent (say) obtained for 1d. 
efficiency. 
Per cent. 
Coal ... s ns 142,750 IO 14,275 
Gas ... = m: 20,000 50 10,000 
(with geyser) 


Electricity ... ds 3,455 go 3,109 


The author has scen tests made by an independent and reliable 
authority in which an efficiency of over 97 per cent has been obtained 
with a Belling electric geyser. 
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The three most notable attempts to solve this problem are the Therol 
heater, the Belenus boiler, and the Belling geyser. 

In the first mentioned (Fig. 2), as is well known, the heating coil is 
embedded in a block of cast-iron providing a large degree of thermal 
storage. "The capacity of the coil varies from 50 watts to goo watts in 
the large sizes, and the hot water at 110? F. varies from 5 gallons 
to 135 gallons per day. The apparatus is the essence of simplicity, and 
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Fic. 2.—200-watt “ Therol" Water Heater. 


provides a demand of roo per cent load factor, obviously forming 
a most desirable load, even at an exceedingly low price for electrical 
energy. 

An interesting installation of Therol heating in a private house in 
London may be mentioned. The household consists of seven persons, 
including two children. A 300-watt heater is installed with an auxiliary 
1,000-watt unit, also a small 200-watt heater for the kitchen and scullery. 
There are three baths required per day, and, of course, hot water 
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continually for other purposes. This installation has replaced a gas 
circulation heater. After one year the consumer found a saving of 74 
per cent in actual payments, as well as a saving in deterioration of 
decorations. The price paid for current, based on £4 per kilowatt 
installed plus $d. per unit, came to about o*65d. per unit. 

The Belenus boiler (Fig. 3) consists of a column of cast iron 
provided with deep corrugations along the bore in order that the 
surface in contact with the water may be as great as possible, and with 
a number of deep slots on the outer surface in which the elements are 
embedded. These elements are plain strips of inert material, wound 
with heavy gauge wire run at a low current density, and are insulated 
by pure mica from the column. There is at least 4 in. of cast iron 
between the elements and the water. The boiler, when arranged as a 
circulation heater, is always full of water, and the elements can never 
attain a high temperature or burn out. 

The boiler is installed in exactly the same manner as the old- 
fashioned saddle-back kitchen boilers, iron pipes being run from the 


Fic. 3.—Section of “ Belenus" Electric Boiler. 


top and bottom to the top and bottom respectively of the household 
hot-water tank. In old houses the electric boiler can be fitted in the 
riser to the tank, and employed to reinforce the kitchen boiler and, to 
take its place in the summer. The boiler is provided with a steel case 
and air lagging around the column. A high efficiency is attained when 
a sheet lagging is fitted over this and the pipes are lagged in the usual 
manner. The Belenus boiler can be installed in the kitchen, scullery, 
or any convenient out-of-the-way position. 

This boiler can be fixed in series with the kitchen boiler and simply 
switched on when the fire is not in use. Fig. 4 shows the arrangement 
of connections. Ў 

The Belling geyser is somewhat similar in operation to the Belenus 
boiler, but it has in addition a control gear by which the electric switch 
and water supply handles are interlocked so that it is impossible to 
switch on the current before the water,or to turn off the water without 
first switching off the current. Independent tests show an efficiency 
as high as 98 per cent. The heavy loading of 1o kw. is, however, 
an objection. Figs. 5 and 6 show the general arrangement and 


details. 
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Enough has been said to show that serious attempts are now being 
made to bring the hot water problem within the range of practical 
engineering. 

Undoubtedly the cheapest solution of the problem, at the present 
time, would be to discard the kitchen fire altogether ; to fix a coke 
stove of the “Ideal,” or other type, for hot water purposes, and to cook 
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outlet 


Hob water 
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taps 


Kitchen 
| boiler 


by electricity. A small “Ideal” boiler will supply 50 gallons of hot 
water per hour at, say, 120° F. for 30,000 B.Th.U. per hour, or say àd., 
a result not yet approached by any other method. 


FIG. 4. 


CosT ОЕ SUPPLY. 


This is, after all, the most important question, but as it has been 
dealt with by Mr. W. W. Lackie* and Mr. A. H. Seabrook ł in an 


* Sournal of the Institution of Electrical Engineers, vol. 49, p. 147, 1912. 
t Ibid., vol. 48, p.'376, 1912. - 
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exhaustive manner recently, it is unnecessary to repeat the arguments 
of the champions of different systems. Supply engineers, however, 
are now realizing that the application of the Hopkinson system in one 
form or another is a necessity for domestic supply, if heating and 
cooking by electricity are to make rapid headway. The two best 
known modifications are (1) the “Norwich” system, and (2) the 
* Telephone " system. 

In the former the initial charge is a percentage of the rateable 
value, plus a low charge for current. This seems at first sight a rough 
and ready method, but it has the charm of simplicity. For instance, 
at Norwich the rate is 123 per cent of the rateable value, plus rd. per 
unit for all current consumed. At Bradford the rate is 15 per cent 
plus $d. per unit, and at Sunderland 10-15 per cent, according to the 
size of house, plus 3d. per unit. 

In the * Telephone" system the initial charge is based on the 
connected lighting load. In Marylebone the charge is based on 70 per 
cent of the connected lighting load at £14 per kilowatt plus id. per 
unit. It appears to the author, however, that in this system the 
consumer depends on the caprice of the inspector, ahd is subject to 
domiciliary visits which may be resented. 

The following instance will illustrate the working of the “ Norwich” 
system :— 

A house on the Derby mains is rented at £48 and the rateable 
value is £40. The consumer, during 1912, paid for— 


£ s d 

250 lighting units at 44d., ог ... ie sc 413 Q 
2,100 heating units at Id., ог ... ied .. S8 I5 о 
Total ... t T jue .. I3 8 9 


Average price, 1°37d. per unit. 


Under the Norwich system at 15 per cent plus 4d. per unit he would 
рау :— 


£ s а. 

Initial charge 2а Pu b ids .. 6 0 0 
2,350 units at 4d. ... ins кез А .. 416 8 
Total ... d зы oe .. IO 16 8 


and all additional units would be obtained for $d. per unit, thus giving 
every encouragement to use more heating units. 

‚ From the preponderance of heating over lighting units in the 
above case it will be seen what enormous developments are possible, 
especially in towns which depend on lighting rather than power for 
their revenue. The preponderance may also be emphasized by a 
comparison of Figs. 7 and 8, which are the lighting and the heating 
recorder charts for the house above mentioned. 
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At Southampton, Мг. H. F. Street informs me that prior to 1910 
only 20 radiators were in usc. Since the institution. of a flat rate 
of 4d. per unit, however, about 1,000 radiators have been connected, 
and more than half of these are of the 2 kw. type. 

At another progressive town, Luton, Mr. W. H. Cooke has sold 
about half a million units for heating during the last year at a low 
price. 

It is obvious, therefore, that once a satisfactory price can be 
adopted, the load will follow as a matter of course. 


DISCUSSION. 


Mr. F. S. GRoGAN : I agree with the author in having larger service 
cables, and would go even further and specify 7/16 S.W.G. as a mini- 
mum. The number of gas cookers tabulated in the paper totals over 
one million, but from the latest returns I find there are almost 3} 
million gas cookers in use in the United Kingdom. What a large field 
is waiting for the enterprising supply engineer ! Mr. Wilmshurst has 
indicated the way to obtain such results for electric cooking, and I 
thoroughly endorse his opinion on the four suggestions given on page 182. 
I would also emphasize the importance of suggestion 4, and I can say 
definitely that excellent results have undoubtedly followed in the 
districts where such conditions exist. Having been the first to intro- 
duce these cooking lectures, it is perhaps not out of place to say that 
such a lecture must not merely consist of a dry lesson on cooking, but 
must deal with the operation side. In fact, the lecture must teach the 
audience how to apply their own cooking knowledge to the newer 
methods, and must deal with the cost of operation in both the new and 
old methods, at the same time bringing out the advantages of electric 
cooking. The author goes fully into the question of shrinkage of meat 
when cooked in the electric oven. The gas companies started by 
denying that such a saving can be effected, but they are now producing 
figures showing that they can cook with the same saving in weight as 
in an electric oven. I have formed the opinion that the saving with 
the electric method is entirely due to our ability quickly to alter the 
temperature in the oven. The meat is first seared for a short period at 
a high temperature, and cooking is then continued at a much lower 
temperature. I admit that such a saving can be effected in the older 
methods of cooking, but only with an infinite amount of care on the 
part of the cook and continual attention to the oven during the cooking 
operation—an attention which no one can expect from the ordinary 
domestic. Electric cooking, therefore, will always win because this 
saving can be effected without any attention on the part of the cook. 
It is evident that any oven employing large masses of iron must 
gradually accumulate a large quantity of heat, and the temperature in 
the oven cannot therefore be rapidly lowered on account of the reserve 
heat in the casting unless a great amount of care and attention is given 
during cooking. Asa proof of the ease of manipulation, at the many 
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towns I visit during the year I invariably cook a joint of meat for the 
public to see for themselves the great saving. I cook only one joint, 
and always get the same result—a shrinkage of ro per cent. Such 
results therefore cannot be specially selected ones. On page 187 the 
author says that the average energy consumption in Derby for cooking 
15 1—14 units per person per day. With a cooking outfit supplied by 
my company to a boys' school at Eastbourne the results averaged over 
last term give a consumption of just under half a unit per head per 
day. There are in all 100 pcople to cater for, and besides the ordinary 
daily meals for boys and staff the adults are served witha full course 
dinner in the evening. 

Now as to water heating. The author has given a table on page 188 
showing the relative costs ; also on page тот he indicates that there is a 
far cheaper method of getting hot water in bulk. I should have pre- 
ferred to see this result summarized in the table. It would then show 
in the last column that about 95,000 useful B.Th.U.'s of heat are 
obtained for 1d. from the coke boiler. I wish particularly to emphasize 
{һе fact that when we cannot compete commercially we should not at 
once endeavour to do everything electrically just because we are elec- 
trical engineers. The hot-water-supply-in-bulk problem is one which 
should be left alone ; it is not so much a question of whether to use 
electricity or gas, for both are beaten hopelessly on cost when compared 
with a coke stove. We should be content to do the cooking electrically, 
and having shut down the kitchen range, supply the hot water separately 
from coke, the boiler being connected to the ordinary circulating 
system. I should like to know why the Belenus boiler is shown in 
Fig. 4 in series with the kitchen boiler. I prefer to have the indepen- 
dent boiler connected in parallel with the kitchen boiler. Where I 
have installed electric cooking I have also put in many independent 
boilers using coke, and I may say that they work perfectly in practice 
when coupled in parallel with the kitchen boiler. The disadvantage of 
the arrangement shown in Fig. 4 is that when the kitchen fire is not 
working the whole of the circulating hot water passes through the old 
boiler at the back of the kitchen range, and rapidly loses heat by its 
proximity to heavy masses of iron. I strongly advocate a tariff based 
on an annual fixed charge plus a low price per unit, for this will 
encourage those already connected to the supply mains to use more 
electrical energy for domestic purposes; and surely the supply 
engineer would rather increase his load on existing services than extend 
by new connections. I notice the excellent progress reported at 
Southampton in the number of radiators connected, and I should like 
to emphasize the fact that about 70 per cent of these radiators are let 
on hire by the Corporation, and if one large installation where the 
radiators were bought is omitted, the percentage of hired radiators is 
considerably increased, thus illustrating condition No. (2) pointed out 
by the author as being necessary for success, viz. to let apparatus on 
hire at a low rental. 

Communicated: Mr. Rosher has referred to comparative. tests 
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between cooking by electricity and by gas; he condemns himself in 
his last remark, viz. *the cook had never before used an electric 
oven." As a matter of fact, I understand that the cook took the 
5-lb. joint to a showroom and cooked the joint electrically without any 
previous experience, whereas she was already versed in the use of the 
gas stove. To get a fairer comparison, it is necessary to take a series 
of tests over some time, under the practical working conditions of 
a kitchen, when the results reported by Mr. Wilmshurst would easily 
be obtained. Mr. Fennel states that too much importance is attached 
to the saving on shrinkage of meat, as it is only water that is evaporated. 
This is by no means the case. Let Mr. Fennel mix a pound of water 
with 3 lb. of sand, also a pound of water with 3 lb. of cement. In both 
cases the total weight will be 4 1b., but the cement will have become 
solid within half an hour, whilst the sand mixture will still be moist. 
Now let them both dry, and although the sand will become as before, 
having a weight of only 3 Ib., the cement will have retained the water 
iu chemical combination, and will still weigh 4 Ib. Although meat is 
mostly water in chemical combination, Mr. Fennel still pays rs. per Ib. 
for it, therefore the saving is a real monetary saving. Also to get 
down to practice, let Mr. Fennel ask the pork butcher whose results 
are given in the paper whether it is a real saving. He will promptly 
answer that he still sells his cooked pork at 15. 2d. per Ib. 

Dr. C. C. GARRARD : Mr. Wilmshurst's paper brings out the fact that 
if electric cooking is to make the progress it should, it must be by 
means of the business push of the supply authorities. The gas 
companies and committees show the way here by the manner in which 
they have popularized gas cooking by the letting on hire of gas cookers. 
It is really not the function of the manufacturer of electric cookers to 
do this, although they have in many cases stepped in where the supply 
authorities have failed to act. As regards the relative merits of 
“black” and “bright” ovens. The former designation is misleading, 
the correct expression being ''lagged." It certainly seems to me 
wrong, considering the cost of electrical energy, to construct an 
electric cooker with no attempt to prevent waste of heat. Although 
the polishing of the outside surface may to some extent prevent 
radiation losses, yet the convection and conduction losses are still 
present. If electric cooking is to make considerable progress the cost 
must undoubtedly be decreased, and this can only be attained by a 
conservation of the heat. By properly lagging the oven it is possible 
to introduce automatic regulation, whereby, after the oven has attained 
the desired temperature, the current can be considerably reduced to a 
value sufficient to maintain the temperature. This results in great 
economy, and ovens constructed on this principle are now being 
manufactured. Reference has been made in the discussion to the 
large amount of material which has to be heated in a so-called black 
oven. This is incorrect, as the only part which is heated is the thin 
metal internal lining of the oven, the heat being prevented by the 
lagging from passing to the other portions of the oven. 
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Mr. T. DUESBURY : I quite agree with Mr. Wilmshurst that the only 
way to develop electric cooking is by lending stoves to consumers for 
trial. At Sutton Coldfield we have been even more fortunate than 
Mr. Wilmshurst, for we have so far never failed to effect a sale. 
While admitting that the “ polished" stove has virtues of its own, there 
is one point in favour of the “Jagged” or “ black” stove which merits 
attention. Rightly or wrongly, the best type of gas cooker has become 
the accepted standard in the household, and in the early stages the 
more the electric cooker resembles the gas cooker in appearance and 
in operating methods the easier it is to sell; the user can also more 
easily be trained to adopt the best operating miethods. At least that is 


my experience. Mr. Grogan urged the advisability of increasing the, 


size of services to 7/16 S. W.G. (presumably on a 200-volt supply) The 
extra cost over a 7/18 S. W.G. service is very small, and on a service 
25 yards or more in length the difference in voltage drop makes 
a considerable difference in the operation of the cooker. My 
experience is that with a “lagged” stove, and ignoring such advan- 
tages as convenience, cleanliness, and saving in meat, electricity at 1d. 
per unit is comparable with gas at 15. 11d. per 1,000 cub. ft., the price 
in the Birmingham district. 

Mr. N. B. RosHER: The following particulars of a proposed electrical 
cooking installation, which unfortunately did not mature, may be of 
interest. The problem was to supply at some works an outfit for the 
office staff, numbering 20 persons. The estimated capital cost of two 
duplex cookers of the “Tricity” type with all accessories and the 
necessary cables, meter, and switches, amounted to £40. A gas cooker 
to do the same work was eventually purchased for approximately £6. 
Relying upon the published figures as to the saving in cost with electric 
cooking due to less shrinkage of meat, it was estimated that the system 
would pay handsomely. The following experiment was carried out to 
ascertain the relative cost of cooking by gas and electricity: Two 
shoulders of mutton, each weighing 5 lb., were cooked, one in an 
electric oven and one in a gas oven. The waste in cooking amounted 
to 16 per cent in the case of electricity and 184 per cent in the case 
of gas. The energy consumption was 1°34 units of electricity and 
22 cub. ft. of gas, the cost working out at 1°072d. for electricity and 
0'572d. for gas, with electricity at o:8d. per unit and gas at 2s. 2d. per 
thousand cubic feet. It is only fair to state that the same cook cooked 
both joints, and whereas she was experienced with the gas cooker, she 
had never before used an electric oven. With due allowance for this 
fact, however, it is difficult to reconcile the above figures with those 
given in the authors paper. The great need, in my opinion, is to 
reduce the capital cost of electrical cooking outfits. The case for 
electrical heating of water is not so good as that for cooking. 
Having had some experience with a 600-watt Therol water heater, 
I may mention that a heater of this capacity which was installed in 
some offices to provide hot water for washing purposes for a staff of 
So persons, was not large enough for the purpose. 
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Mr. W. FENNELL : I am convinced that two things are necessary 
before it is advisable to push electric cooking : (1) a suitable tariff, 
and (2) an electric oven at £4. We have at Wednesbury the “ Norwich 
system" for private consumers, the tariff being то per cent of the 
annual rateable value, plus 1d. per unit in winter, and jd. per unit 
in summer. I think the lower summer rate is equitable, because any 
reasonable summer load will not increase the standing charges, and 
advisable because we want to encourage the summer cooking load. 
Having provided the proper tariff, I am now waiting for the manu- 
facturer to come along with the oven. When I see the oven, I shall 
push electric cooking. It is useless to offer an oven for hire at £1 per 
quarter (and that is necessary with the £12 to £15 outfit) while the gas 
authorities offer the equivalent at 3s. 6d. І think it inadvisable to push 
complete electric cooking stoves, because water boiling by electricity is 
uneconomical, and to combine this wiih the oven is sure to cause the 
whole apparatus to be rejected in an industrial district. I have had 
two ycars' home experience of electric cooking, with both the types of 
oven described. They both cook splendidly, and we did not know 
what good cooking was until we had the electric oven. We would 
not change back to coal or gas. I am bound to admit that owing to 
the cost of operation the hot plate portions are not used, and we 
conduct all the boiling operations on the top of the old gas range. 
I am therefore speaking from experience when I say, “ Push the oven, 
and leave the boiling for the gas people." There is another branch 
of electric cooking which has scarcely been mentioned to-night, viz. 
table cooking. Hot-water jugs, afternoon tea kettles, toasters, etc., for 
use on the table are very successful, because large quantities of heat 
are not required. They add a little to the revenue, and greatly to the 
reputation of electricity supply. I think it well, in view of the large 
space devoted to the percentage losses in weight (gravely carried to 
decimal points), to give a warning on this subject. I think it unwise to 
make too much of the point, because it is easy for the other side 
to retort that this much-vaunted saving in “ meat " is only a saving 
in water, which is not worth anything unless you are going to sell 
again by weight. There may be some very valuable and obscure com- 
pounds driven off as well; I cannot say, and I do not think any of us 
could prove that there are. It will be better, therefore, to keep on 
safe ground by maintaining that cooking in an electric oven is very 
simple, reasonable in cost, and that the result is a cooked article, 
whether meat or pastry, which is far superior to that produced in 
coal or gas ovens. | 

Mr. J. D. MonnisoN : The table given by Мг. Wilmshurst showing 
the number of gas cookers in use is of considerable interest, as indi- 
cating the immense amount of capital invested in the gas industry. It 
shows the work in front of electrical engineers if electric cooking is to 
make any substantial progress ; and it seems to me essential that all 
supply authorities should let electric cookers on hire at as low rates as 
possible. When hiring out is general all over the country, we shall 
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have made a good start in the competition with gas cookers. Mr. Wilms- 
hurst refers to an experience he had some three years ago with a lagged 
or black oven. I do not know what make of oven he refers to, but in 
any case an experience dating back three years is not of much value at 
the present time in view of the very great progress which has been 
made in the design and construction of lagged ovens during the last 
few years. I can assure Mr. Wilmshurst there are very many supply 
engineers who are letting on hire with excellent results lagged cookers 
manufactured by the firm with which I am connected. Mr. Wilms- 
hurst asks for figures with regard to the loss in the weight of cooked 
joints with the “lagged” oven, and I have pleasure in giving a few 
figures. We have of course taken very many tests ourselves, but I will 
confine myself to a number of independent results obtained by the 
electrical engineer at Saltburn, the tests having been made in public in 
April, 1912, and the cook having never previously seen or handled 
an electric cooker :— 


Average loss in Mr. Wilmshurst's average 
weight with Lagged loss with Bright 
Cooker. Cooker. 
Beef an ade TH 7'30 per cent 9'90 per cent 
Mutton ... мо, 4°88 " 13°65 5 
Pork us sus e. 12°30 А 14°30 * 


These figures speak for themselves. My own experience is that 
there is very little difference in the results obtained with the two 
types of cookers, the advantage if anything being in favour of the 
lagged oven. It must not be forgotten, however, that there are many 
points to be observed in the correct design of lagged ovens, such as the 
method of lagging, and the position, rating, and control of the heating 
elements. With regard to water heating, there is no difficulty whatever 
in designing an efficient water heater to handle small quantities of 
water, but that does not seem to me to be the main requirement. 
What we have to do is to heat the domestic water supply, and I am of 
opinion that perhaps the solution lies in the provision of a heater with 
a steady energy consumption throughout the whole year. For a heater 
of this description which would be on circuit continuously, the supply 
authorities should quote an exceptionally low rate, equivalent to ота. 
per unit. | 

Mr. W, C. S. PHILLIPS : There are probably many who аге some- 
what sceptical as to the comparative percentage losses obtained when 
joints are cooked by electricity, gas, and coal. The difference in 
results between the electric cooker and the gas oven may be due to the 
difference in mechanical construction of the two ovens, The gas oven 
is open at the bottom, so that there is generally a strong current of air 
which serves to carry away the products of combustion. This would 
also mean that water vapour from the joint would be carried away as 
well. In the case of the electric cooker there is practically a closed 
box, and as there is not the same necessity for ventilation, we should 
not expect so much loss of water vapour, etc., from the meat. It is 
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quite conceivable, however, that by proper adjustment of the supply of 
gas to a gas oven the losses can be reduced to a minimum. 

Mr. T. P. WILMSHURST (in reply): I should like to emphasize the 
fact that, although the results I have quoted are chiefly with “ Tricity ” 
cookers, I do not wish to be considered the champion of the “ bright " 
oven. Asa supply engineer I am solely interested in encouraging the 
use of electricity, and I welcome successful results with “lagged” 
ovens with equal heartiness. Mr. Duesbury seems to prefer the 
“lagged " oven, partly at any rate because it resembles the gas cooker 
in appearance. I cannot quite follow this line of argument. With 
lighting we do not copy gas practice, and use the lamp and shade 
upside down, so why copy a gas cooker which is heavy and takes up a 
lot of floor space? My experience is that electric cooking is par- 
ticularly popular in small houses and where no domestic servant is 
kept, and one of the charms of the “ Tricity” cooker is its lightness 
and portability, as the dinner can be cooked on the kitchen table, and 
then the whole apparatus can be taken away into the scullery—an 
important consideration in a small kitchen. 

Mr. Rosher gave some conflicting results of shrinkage with gas and 
electric cookers, and one speaker referred to the figures in my paper 
as “ catalogue " figures. They were, however, taken chiefly from my 
own experience, and were chosen at random. The electrical figures 
can be obtained from day to day with certainty, but with a gas- or 
coal-fired oven they can only be obtained by the exercise of far more 
care than would obtain in ordinary daily operation. 

With regard to hot water supply, I consider that in my endeavour 
to be impartial I have not been quite fair to electricity in one respect, 
і.е. safety, where the apparatus is earthed, as it always should be. 
With a gas geyser adequate ventilation must be provided, as was 
emphasized only a few days ago at Peckham, where three children 
were suffocated in a bathroom and two more found unconscious owing 
to the window not having been left open. Electric water heating is 
undoubtedly costly at the present time, and with existing prices I 
prefer to tackle the problem by other methods, as even the most 
confirmed optimist cannot extract more than 3,500 B.Th.U. from a 
unit of electricity. 

We have an enormous field to conquer, and there is ample scope 
for many makers .and different types of cooker. Mr. Morrison 
criticizes my use of the word “black.” I do not quarrel with him 
in what is only a difference in nomenclature, and I am quite willing to 
adopt the word “ lagged” in future. He also recommends a specially 
low rate of ола. per unit for hot water supply. It would, I fear, be 
difficult to justity such a price, and it would perpetuate what I am try- 
ing to get rid of, i.e. another meter, unless of course a contract basis 
could be arranged. 

Since the paper was prepared the 30 cookers on the Derby mains 
have increased to about бо, and greater interest is being taken by the 
public. One large firm of distillers who inake yeast have installed a 
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large cooker, with great satisfaction to themselves, as they are now 
able to display to their customers the yeast in the process of bread- 
making under the most perfect and cleanly conditions. I am strongly 
convinced, and the discussion has emphasized this opinion, that we 
now have reliable commercial electric cookers on the market, but that 
more organized publicity effort is necessary. We should, I believe, be 
wise in not looking for large profits on cooking for the next two or 
three years, but should rather be willing to devote such revenue 
to strengthening the organization of what I believe will prove one of 
the most important and popular branches of the electric supply 
business. 


Mr 
Wilmshurst. 
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ECONOMIES IN THE USE OF ELECTRIC POWER. 


By W. E. MILNS. 


(Paper received 3rd February, and read before the Birmingham 
Local Section 26th February, 1913.) 


The author, in putting forward the following notes on electric 
driving, does not pretend to open any new ground, but he rather 
wishes to emphasize certain important considerations which are often 
neglected by engineers and others responsible for installing and 
developing the electric drive. 

I. Technical Knowledge is necessary in order to secure Efficiency and 
Economy.—lIn the first place, the electric motor is not suitable for every 
class of work. It may be suitable from an engineering standpoint, 
but in certain cases it should not be recommended for commercial 
reasons. Technical knowledge and practical experience are required 
to determine these cases. If power development is to be of lasting 
good to an undertaking, it must be built up on a sound basis. 

` The author is strongly of opinion that the commercial canvasser 
who, lacking any technical knowledge, possesses those qualities of 
salesmanship which enable him to get motors into consumers' premises, 
is a dangerous person to employ. For instance, he is not able to 
discriminate between those jobs which are suitable and those which 
are ill adapted for the electric drive, and he cannot recognize the 
importance of keeping certain power installations of the mains. 
Again, a number of the installations secured by him, even if not 
altogether unsatisfactory, are to a great extent spoilt through lack of 
engineering arrangement. 

The author cannot too strongly emphasize the importance of 
technical advice in arranging an electric drive. Electric motors are 
too often installed on the advice of commercial assistants, wiring 
contractors, mechanical engineers, or others possessing little or no 
electrical knowledge. The results are often lamentable, a shunt motor 
being recommended in all circumstances and for all purposes. 

Considering the many types of electric motors and the great variety 
of control gear, it is a pity that the shunt motor with an ordinary 
starting switch is apparently used on every possible occasion. A 
commercial engineer with technical knowledge should find no difficulty 
in inducing a reasonable-minded consumer to obtain, at slightly 
greater expense, the type of motor or control gear which will give the 
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maximum efficiency апа the greatest convenience, and which will not 
only cover his requirements, but will also give many advantages not 
found in the usual installation. 

Technical knowledge is also essential in handling alternating- 
current work. The comparatively few speeds which may be obtained 
with alternating-current motors of a given frequency call for both 
electrical and mechanical knowledge in cases where any form of 
gearing is used or speed variation required. 

Unfortunately, in many cases the engineers handling power installa- 
tions display a lack of knowledge of the various forms of electrical 
apparatus which may be brought to the notice of manufacturers. The 
blame for the majority of unsuccessful installations of electric power 
should, however, rest on the shoulders of mechanical engineers rather 
than on electrical engineers. Those responsible for the electrical 
equipment should be able to criticize the arrangement of the drive 
suggested by mechanical engineers. 

2. The Cost of Power is nol the Heaviest Charge a Manufacturer has to 
meet.—The heaviest item in a manufacturer's expenses is usually the 
wages bill. The power arrangements should therefore be designed to 
affect the wages account rather than the power account ; that is, the 
designer of the arrangements for distributing power in a factory should 
not allow his engineering views to over-ride the commercial considera- 
tions of the case. There is a tendency to такса “ good engineering 
job," with the secondary idea of reducing the power bill. In the 
author's opinion, a good engineering job is certainly to be insisted 
upon ; but the power bill should also be reduced if possible, since the 
great consideration to the consumer is the total cost of running his 
works, including all charges. A well-thought-out power scheme will 
often increase the output for the same wages bill (this is equivalent to 
a reduction in the wages bill) ; and it will also cut down the manufac- 
turer's expenses by saving material, reducing the floor space occupied, 
and minimizing wear and tear and other maintenance charges. 

To design a successful power scheme for a works, the engineer 
must have some knowledge of the trade or manufacture carried on in 
those works. The works manager or works engineer is a most valuable 
ally, and much information can often be obtained from him. 

Power is cheaper than labour, and its cost should therefore not be 
the most important consideration ; it is also sometimes cheaper than 
floor space. An increase in the power bill is not so important as an 
increase in the labour bill, and it is usually of less importance than an 
increase of floor space or buildings, which implies added rents, rates, 
taxes, upkeep, and establishment charges. 

3. The Importance of securing Satisfactory Plaut efficiently arranged.— 
The author does not advocate that the most efficient mechanical 
arrangements should be installed regardless of cost. The subdividing 
of shafting and the individual driving of machines will occasionally 
reduce current consumption, but the capital cost of such arrangements 
cannot always be justified. It is sometimes cheaper to consume a 
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little more current and save capital outlay than to introduce expensive 
mechanical alterations. Each case must be decided on its merits. 

Considering the arrangement of plant, the following typical example 
shows what economies may be effected by an efficient arrangement of 
drives :— 

A test on the premises of a Birmingham firm showed that 70 per 
cent of the total energy was absorbed in shafting and transmission 
losses. А sensible arrangement of motors would reduce these losses to 
30 per cent. The owner of those works, however, would not consider 
the question of reducing transmission losses, and he refused to take a 
supply of current solely on the ground that the supply undertaking 
would not reduce the price of current from id. to jid. per unit, at 
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Fic. 1.—Load Curve taken from a Rolling Mill. 


which latter rate he decided the change-over would be justified. 
Taking his own estimate as correct, that current at id. per unit was 
equal in cost to his present method of driving, it will be seen that it 
would pay him to re-arrange his works and to take electricity at 2d. per 
unit with the reduced transmission losses, rather than continue to use his 
existing drive. He preferred, however, to retain his existing arrange- 
ments and to buy new gas engines, the cost of which, with buildings, 
etc., was greater than the estimates for an installation of electric motors, 
including the re-arrangement of shafting. 

4. Power Costs.—As previously indicated, too much importance is 
attached to the cost of power, and it is also difficult to get a manufac- 
turer to realize the many considerations which are put forward when 
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comparing estimates for the cost of driving. We аге all familiar with 
the gas engineer’s somewhat crude method of comparison between gas 
and electric driving. The power user is usually told that, say, a 10-h.p. 
gas engine takes 20 cubic feet of gas per horse-power-hour. On a 50 
hours per week basis this works out at 10,000 cub. ft. of gas, which, 
if charged at rs. 6d. per r,ooo cub. ft, equals 15s. Оп the other 
hand, the customer is told that a 10-h.p. motor consumes approximately 
one unit per horse-power-hour, which is equivalent to 500 units per 
week. Taking current at 1d. per unit, he is thus shown that the 
electric motor would cost 41s. 8d. against 15s. for a gas engine. 
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Fic. 2.—Curve showing Variation of Load on a Tube-drawing Mill. 


In the catalogue of a gas engine company I find an estimated com- 
parison which alleges that an electric motor takes 266°3 units to do the 
work that can be done with a gas engine consuming 7,200 cub. ft. 
of town gas ; that is, assuming the above figures, the cost of an electric 
motor would be 22s. 2d. against 105. rod. for a gas engine. 

Such comparisons are considered seriously by a man who has been 
fairly satisfied with gas engines, and who is entirely ignorant of electric 
driving. Of course, one may usually point out the gross unfairness of 
such comparisons, which omit a number of very heavy charges. It can 
also be shown that the saving in shafting losses reduces the horse- 
power-hours, and tbat the splitting up of drives reduces the number of 
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running hours, and all the other practical arguments of the superiority 
of electric motors over gas engines can be brought forward. It is, 
however, in most cases difficult to put an exact value on these advan- 
tages, and the power user asks for more definite figures than a theoretical 
calculation based on either his maximum possible output or his estimated 
average load. 

When a manufacturer asks for the cost of electricity per horse- 
power-hour and says that such a figure will enable him with his own 
knowledge of his work to estimate his costs, it is wise to ignore the 
question. The author's experience is that the manufacturer has a very 
vague idea of horse-power, is ignorant of both his maximum and 
average load, and cannot estimate his horse-power-hours. 


— 
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Fic. 3.—Recording Ammeter Chart on an Electrical Drive in a Tin-plate 
Rolling Mill. 


The author suggests that a method of estimating the cost of driving 
based on figures actually obtained from existing manufacturers' installa- 
tions gives a more common-sense and accurate comparison than any 
of the foregoing propositions. Such a method is practical, and the 
figures can be backed by the evidence and results obtained төш 
several years’ working on various drives. 

For the benefit of power users and engineers engaged in develoring 
power loads the author gives some figures obtained from the analysis 
of power costs in various trades. The figures given show the number 
of units used per annum per horse-power installed, the figure being the 
average of a number of manufacturers in the same class of business. 
The installed horse-power is such as is usually found in a factory 
where a little margin is allowed for development and extra load. 
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Electrical Energy used in Various Trades. 


posl id of Units мош of Units 
Trade. per Annum per Trade. per Annum per 

“installed. installed. 
Bakers and confectioners 427 Leatherworkers ... e. 730 
Bedstead manufacturers 613 Metal-workers  ... e. 672 
Boot manufacturers... 591i Opticians ... 354 
Brassfounders ... wee 927 Paper box manufacturers 362 
Brewers ... e .. 689 Paper manufacturers ... 67 
Brush manufacturers... 454 Pen manufacturers ... 378 
Builders... Ss .. 189 Photographic purposes ... -940 
Butchers ... fo „е 2270 Polishers ... s e 744 
Button manufacturers ... 570 Printers... .. 569 
Chemists (manufacturing) 1,699 Printers (newspapers) . 833 
Organ blowing ... ... 246 Provision merchants ... 408 
Clothiers ... iss ... 938 Public offices (fans) .. 2,766 
Cold storage "m i 3,217 Public offices i wee. 352 
Corn merchants ... .. 267 Refiners ... 2x. BIS 
Die-sinkers 7? .. 188 Rolling mills - 486 
Electroplaters ... ... 546 Surgical and dental Bc 
Engineers (cycle)... < 987 „| poses... ас 353 
Engineers (general) -. QI7 Stampers and picreers e. 592 
Glass manufacturers ... 470 Upholsterers iva 167 
Gunmakers 2 .. 667 Vacuum machine com- 
Hairdressers ag: .. 178 panies (manufacturers) 371 
Ironfounders ... e. 781 Varnish manufacturers ... 382 
Jewel-case makers .. 893 Woodworkers ... -. 453 
Jewellers, ... ide sc 775 Wireworkers dus ... I,09I 
Lamp manufacturers’... 1,331 Whip manufacturers... 95 


Laundries .. ee ... 421 


In addition to the above figures, it is also an advantage to give, 
where such can be obtained, actual comparisons of the cost of gas, 
steam, and electric driving on the same work. "Those familiar with 
power work no doubt have got many such comparisons, examples of 
which are given below. These figures have been obtained from 
manufacturers who previously used steam power and afterwards 
electricity, the work done in no case being less with electric driving 
than in the case of steam driving. 


—— 


Cost of Driving by 
Electricity. 
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The following figures have been obtained from installations 
previously driven by gas plant operated with gas from town mains. 


Horse-power Cost of Driving by Cost of Driving by 
installed. Town Gas. Electricity. 
£ 8 d. £ з d. 
25 130 O O 104 O О 
5 33 9 о 23 9 7 


The comparison below is for an installation previously driven by 
suction gas plant. 


Horse-power Cost of Driving by Cost of Driving by 
installed. Suction Gas. Electricity. 


£ 


s d 
156 о o 


The following interesting example is from a large pen factory, 
the owners of which have taken very careful tests on the cost of steam, 
town gas, suction gas, and electricity. The horse-power installed was 
250. The cost of steam driving with “ Corliss” compound condensing 
engines is £9 тоз. per horse-power per annum ; with gas from the 
Corporation mains, at 1s. 5d. per 1,000 cub. ft., £7 4s. 2d. per horse- 
power per annum ; and with suction gas £4 17s. 3d. per horse-power 
per annum. The cost of electric driving with current at 1d. per unit 
came to £3 13s. 94. per horse-power per annum. 

The above typical examples take into account maintenance, wages, 
and repairs, while the example from the pen factory also takes into 
account interest, depreciation, and all other charges. Such figures 
from actual results are powerful arguments for electric driving, and if 
permission can be given to use the name of the works from which the 
comparisons are obtained the arguments carry conviction. 

5. Technical Arguments.—Another method of comparison which will 
appeal to a manufacturer with an elementary knowledge of engineer- 
ing is to obtain load curves for the steam engines by means of continuous 
recorders, or from electric motors by means of recording ammeters, and 
to submit such curves to a power user. 

Fig. 1 shows a load curve for a rolling mill. -Fhe owner of this mill, 
which was steam driven, assured the author that the large number of 
rolls on his engine resulted in a practically steady load, so that the 
engine was worked at a very high efficiency throughout its run. He 
argued that under such conditions electricity could not compete with 
steam engines on the ground of cost. A continuous indicating diagram, 
however, showed that his load varied from 70 to 215 h.p. and a 
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glance at the curve will convince any engineer that on such a load 
the maximum efficiency cannot be obtained by steam driving. 

Fig. 2 shows the load variation on a tube-drawing mill. If efficiency 
curves on steam engines and electric motors at various loads were 
shown alongside this curve there should be no difficulty in convincing 
the manufacturer of the great economy of electric motors. 

Fig. 3 shows the load indicated by a recording ammeter on an 
electrical drive. This and the above curves clearly demonstrate the 
variations in load on various classes of drives. 

Speed curves are also of considerable value. Fig. 4 shows the speed 
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Fic. 4.—Curve showing Speed Variation on a Steam-driven Mill. 


variation on a steam-driven mill. By the side of this should be shown 
the speed variation if the mill were electrically driven. The fact 
should also be emphasized that the steam engine falls to its lowest speed 
atthe money earning period. At this important period the fall of speed 
in the electric motor is much less than with the steam engine, so that 
the output and revenue are much increased. 

Diagrams may also be used to emphasize the saving in floor space. 
Fig. 5 illustrates the relative space occupied by steam and electrical 
plant for the same work. 

The above are merely suggestions, which can be multiplied and ex- 
tended; but the author has found that such illustrative comparisons 
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emphasize in a clear and practical manner the various advantages of 
electric driving. 

6. Minor Considerations.—The manufacturer too often considers the 
uses of electricity from a power standpoint only. The many other 
uses which can be made for the supply are often of considerable 
convenience and value to him. А point can be made of the better 
lighting of works. To the manufacturer who wishes to increase his 
output, electric lighting is a valuable ally to electric power. In 
many local factories it is found that efficient lighting has a direct 
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Fic. 5.—Diagram showing Comparative Capital Outlay and Space occupied 
by Steam and Electrical Plant for the same work. 


influence on output; a good system of lighting prevents fatigue and 
enables a workman to keep the same output towards the end of the day 
as during the morning. Evidence of this is found not only in the 
lighter trades, іп pen factories, іп the jewellery district, etc., but also in 
the heavier work of rolling mills, casting shops, etc. 

Again, the uses of electricity for small portable apparatus are often 
of considerable value. Electric heating, welding, smelting, etc., offer 
peculiar advantages in certain trades. 

In conclusion, the advocate of electric driving need not hesitate con- 
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scientiously to put forward his schemes. Hestands for a system which 
all arguments and experience have proved to be so far the most ideal 
and perfect power in use. He is able to supply plant which is the 
result of the work of the most skilled designers and the finest equipped 
works that any branch of engineering has yet produced. Не can offer 
schemes which will accomplish given work with less expenditure, less 
inconvenience, less labour, and less floor space than any other system. 
His arguments as to the many manifest advantages of his system can be 
proved to the hilt by practical illustrations from every possible trade. 
The engineering and commercial arguments for his scheme are equally 
strong. 

A further and last argument, which unfortunately is rarely taken 
into consideration, is that the conditions of labour and employment in 
electrically equipped factories are usually far superior to those found in 
works utilizing any other form of power. It has been considered 
necessary for the well-being of labour to enforce certain laws govern- 
ing the lighting, ventilation, heating, and cleanliness of workshops 
and factories. It is safe to say that if electric power were universally 
used, and if no steam or gas were found in factories, these laws would 
rarely have been necessary. Practically in no case is steam or gas 
called in to improve the lighting, cleanliness, or ventilation of works. 
The introduction of electric power invariably gives better working 
conditions, and although these arguments may be somewhat advanced, 
there is no doubt they should be taken into consideration when con- 
sidering the equipment of works and factories. 


DISCUSSION. 


Mr. N. B. RosHER: I am pleased to see that the author realizes the 
advantages of, and necessity for, experienced technical advice in con- 
nection with power installations, and I quite agree with him. I may 
mention a method of checking the power costs adopted by a firm with 
which I am connected. "They take the ratio of the total expenditure in 
power and fuel to the total sales. Thus, in 1907, when the works were 
entirely driven by gas engines, the ratio was 0°83; but in 1910, when 
the conversion to electric driving had been completed, the ratio 
dropped to 0774, or a decrease of approximately 12 per cent due to the 
adoption of electrical driving, and this notwithstanding the fact that a 
considerable increase has taken place in the number of machines 
driven by power. As to the saving due to electric driving, I would 
mention a very striking instance of this. About six months ago a 
sheet-metal rolling mill driven by horizontal condensing steam engines 
was converted to electric driving: the saving in running costs since 
the conversion has been sufficient in two years to pay for the whole of 
the electrical outfit, including the cost of the foundations. It is very 
seldom indeed that electricity is able to effect so remarkable an 
economy as this. 

Mr. W. FENNELL : I agree with the author as to the difficulty of 
estimating the cost of electric power and comparing it with the exist- 
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ing cost where shafting is arranged for engine drive. I have found a 
trial to be the best means of convincing a sceptical power user of the 
economy of electric driving—taking one part of the works which can 
be easily isolated. In two cases I arranged for the hire, with the 
option of purchase, of the electrical equipment of quite large works, 
one of them about 400 h.p. We took the risk of cost, of service, etc., 
and of temporary wiring. In both cases we convinced the intending 
consumers that electric driving would save them money. With 
regard to the damage done by unskilled arrangements, we make it a 
point at Wednesbury to get in touch with works managers in the early 
stages; and in those cases where the work is not in the hands of 
specialists we give advice and keep more or less control of the arrange- 
ments from start to finish. I always make it clear that we take no 
moral responsibility for results where we are not consulted. 

Mr. W. E. MILNs (in reply): I do not agree with Mr. Fennell's 
suggestion of giving a manufacturer a month's trial of electric driving, 
unless the arrangements for such a trial are based on sound engineer- 
ing lines and under the best of conditions. In reply to Mr. Rosher, 
the Birmingham Supply Department have advised a number of appli- 
cants for power not to come on to the mains. This is a point which I 
particularly wish to make, and I should also like to emphasize the fact 
that a consumer on the mains who ought not to be there keeps 10 con- 
sumers off who ought to be there. I do not agree that electric motors 
are suitable for all purposes. From an engineering standpoint this 
may be so, but for commercial reasons it is occasionally advisable to 
keep people off the mains. 
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THE FORMATION OF DEPOSITS IN OIL-COOLED 
TRANSFORMERS. 


By A. C. MICHIE, D.Sc. 


(Paper received 19th March, and read before the NEWCASTLE LOCAL 
SECTION 14th April, 1913.) 


The oil used in transformers is intended as an insulating and cooling 
medium, and it is desirable that this medium should as far as possible 
comply with the following requirements: 1. High insulating qualities 
are essential. 2. Non-inflammability. (This desideratum has not yet 
been attained, the oils at present in use being highly inflammable. The 
electrical engineer has to be satisfied with an oil of low volatility and a 
flash-point which seldom exceeds 180°C.) 3. The medium should be 
limpid enough to ensure free circulation through the windings. 4. The 
medium ought to be chemically inactive and stable. It should be free 
from action on the metals or other materials of the transformer with 
which it comes in contact, and it should possess a sufficient degree of 
stability to enable it to retain its properties for a prolonged period. 
of time. This last is an important consideration, as a change in the 
chemical nature of the oil may of course affect the physical properties 
which are essential for transformer purposes. 

The object of the present paper is to deal with some of the chemical 
changes which occur in transformer oils during use, and more particu- 
larly with the formation of the solid matter that is deposited on the 
windings and other parts of transformers, a subject to which my atten- 
tion was drawn several years ago by the Newcastle Electric Supply 
Company. These deposits vary in appearance from pale ycilow soft 
sludges to dark brown or black hard masses, and their presence materi- 
ally affects the circulation of the oil and leads to overheating of the 
windings. 

Various theories have been offered to explain the formation of these 
deposits. They have been supposed to be due to the deposition of 
solid paraffins from the oil, to the separation of suspended solid 
particles under the influence of electrical stresses, to the disintegrating 
action of the oil on the varnishes and other materials used on the wind- 
ings, and to the polymerization of the oil under the action of heat. 

It is well known that electrical stresses may cause a separation 
from oils already having solid matters in suspension, and it is true 
that most mineral gils carry a minute quantity of solid matter in 
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colloidal solution, but itis rather difficult to imagine how the electrical 
stresses can affect a transformation of the liquid oil into the solid 
sludge. Pairs of sheet-metal electrodes 4 in. X 14 in. were set a distance of 
2{ in. apart and placed in a series of glass tanks containing different 
qualities of transformer oils. A pressure of 20,000 volts was main- 
tained between each pair of electrodes for three weeks, but not a trace 
of deposit separated out from any of the oils tested. It will be showh 
later that electrical discharges may have an influence on the formation 
of these deposits through the generation of ozone. | 
Some of the first samples of sludge examined gave, when ignited, 
an ash containing appreciable quantities of lead. The presence of this 
metal seemed to confirm the view that the deposits were derived from 
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the varnish of the windings, lead oxide being largely used as a drier in 
the preparation of boiled linseed oil. In some other samples, where no 
lead was found, traces of manganese were detected. Manganese 
oxalate is also used asadrier. The evidence of the lead was rather 
weakened some time later when some large masses of a transformer 
deposit of a specially refractory nature were examined. The material 
was unusually hard and dense, and on closer inspection proved to 
be the compound of red lead and glycerol largely used for cementing 
joints. Lead alloys are also used in lining some transformer tanks, 
and it will be shown that mineral oils under certain conditions are 
capable of attacking and forming solid compounds with lead. In only 
one instance has a deposit been obtained in which it could be definitely 
ascertained that it was entirely derived from the windings. In this 
case the freshly varnished windings had been immersed in the oil 
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before proper drying and hardening had set in. The deposit in this 
case was quite different from what is usually obtained, and there was 
no difficulty in detecting the linseed oil used in the preparation of the 
varnish. Not only is it impossible to detect any quantity of varnish or 
other insulating compounds in the majority of deposits, but the quantity 
of deposit is frequently far too great to be accounted for in this way, 
and deposits also occur in transformers in which the use of varnish is 
avoided. In most cases the deposits must be mainly derived from the 
transformer oil itself. 

It has been suggested that these deposits are the result of 
a polymerization of the hydrocarbon molecules of the oil brought 
about by the influence of the heat of the transformer. Several 
samples of American and Russian transformer oils were heated in 
glass flasks for 200 hours at 150°C. out of contact with air, but, 
although the oils darkened in colour, no deposit separated out. 
Analyses of transformer deposits show that these contain a con- 
siderable proportion of oxygen, and as the original oils are free 
from oxygen the only conclusion that can be drawn is that the forma- 
tion of these deposits is brought about by the oxidizing influence of the 
air on the transformer oils. In all likelihood there is a simultaneous 
polymerization of the oxidized molecules. A sample of sludge taken 
from a transformer gave the following analysis :— 


Carbon. Hydrogen. Oxygen. 
76'0 71 I6'9 рег cent. 


In order to confirm the oxidation theory various samples of trans- 
former oils were subjected to the action of a current of air at an ele- 
vated temperature. The experiments were carried out as follows :— 
100 с.с. of the oil was placed in a glass flask with a bulb capacity of 
200 с.с., and having a neck rrj in. long surrounded by a jacket tube 
through which cold water was caused to circulate, so that the neck of 
the flask acted as a condenser. Into the neck of the flask two tubes bent 
at right angles were fitted by means of a rubber stopper. The short 
tube was connected to a filter pump, by means of which air was 
drawn through the longer tube which reached almost to the bottom of 
the flask. Usually a piece of copper with a total surface area of 
44 sq. in. was placed in the oil, it having been found that by this means 
the oxidation is accelerated. The air which was sucked through the 
oil was first purified by passing it through the two towers B and C 
filled with glass beads and moistened with caustic potash and strong 
sulphuric acid respectively. The bottle А was half-filled with oil so as 
to indicate the rate at which the air was being drawn in. The air 
suction was regulated until about three bubbles per second passed 
through A, the internal diameter of the tubing in А being 4 mm. The 
actual rate at which the air was drawn through was o'07 cub. ft. per 
hour. The flask containing the oil to be tested was placed in an oil 
bath and kept at a temperature of 150? C., uniformity of temperature 
being attained by the use of a motor-driven stirrer and a thermo- 
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regulator. Asa rule the passage of the current of air was continued 
for 45 hours. 

Different transformer oils when subjected in this way to the action 
of a current of air gave strikingly different results. Generally the oils 
darkened in colour and increased in acidity, but whereas in some cases 
the oils remained clear and bright, in the majority of cases they became 
turbid from the formation of solid matter In order to determine the 
amount of solid matter which separated out, the oils were diluted with 
petroleum spirit and filtered. The solid residue after freeing from oil 
by washing with petroleum spirit was then weighed. In some cases no 
deposit was obtained, while in others it weighed as much as 2'5 per 
cent of the weight of oil taken. "These differences in the behaviour of 
different samples are not surprising in view of the diffcrent chemical 
characters of the oils, depending on the source of the crude oil, the 
method of distillation, and the degree of refinement. 

Deposits obtained by treating mineral oils with air closely resemble 
what is obtained in transformers. А deposit obtained in this way gave 
the following figures on analysis :— 


Carbon. Hydrogen. Oxygen. 
74°27 6:62 I9'II per cent. 


In both cases the deposits are almost insoluble in petroleum spirit, 
but readily soluble in benzol. The melting or softening point varies 
from about 70° C. to about 220? C. for different deposits. 


Air for 45 Hours. Ozonized Air for 30 Hours. 

1500 C. 1350 С. 2d 9со C. 

0'2 0°O = 

O'I O'O = 

0:6 0'3 — 

е, 07 — 

r3 0'4 03 

07 0'3 = 


It may be objected that the test conditions are not comparable with 
those in the actual transformers, in particular that a temperature of 
150? C. is too high, and that the maximum temperature attained by the 
oil in transformers seldom exceeds 100°C. There is, however, evidence 
that although the mean temperature of the oil may not rise above 
100°C., local overheating of the windings sometimes occurs, and 
certainly judging from the boiled up and carbonized appearance of 
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certain deposits taken from windings, a temperature very considerably 
over 100°C. must have been attained. 

Although a temperature of 150°C. has been chosen for these tests, 
on account of the greater rapidity of the oxidizing action, the formation 
of sludge no doubt takes place at comparatively low temperatures if the 
period of exposure is prolonged, and there are still other conditions in 
a transformer which accelerate the formation of sludge. The presence 
of ozone in the air of the transformer greatly increases the rate of 
sludge formation, and by using ozonized air a heavy deposit was 
obtained from an oil in a comparatively short time at go°C. The 
figures in the table on page 216 give the percentage deposits which 
separated out at different temperatures from a set of six oils. 

The rate of sludge formation is accelerated by the presence of 
certain metals, notably copper. The following table shows the per- 
centages of sludge obtained by treating various mineral oils with air 
alone and with air in the presence of different metals :— 


| | Air Alone. | Са. | Fe — | Sn P. | м Zn 
TU —— ETENIM ccm ee METRE 
| G | o28 | o 94 0°88 | 07 0°57 0'3 0'28 

|! H | oo 1:28 OO | œo 0'26 o'o 0°0 

| J o'o оо o'o | оо o'o оо o'o 

K оо обо | ото | — 0'70 | — — 

| L | O13 o'58 | 0°40 | — | — | = E 


The metals in the form of foil, with a total surface area of 4'5 sq. in., 
were placed in the oils, and air bubbled through at the usual rate of 
0'07 cub. ft. per hour. The temperature was 150? C., and the duration 
of the tests was 45 hours. In every case investigated copper was found 
to have a very pronounced influence in increasing the quantity of sludge 
which separates out in a given time. The greater the surface of metal 
exposed to the oil the greater is the influence on the rate of oxidation. 
Thus an oil which when treated with air in the absence of metals gave 
no sludge after 45 hours, gave o'5 per cent of sludge whien the test 
was repeated on another portion of the same oil containing copper foil 
of 4'5 sq. in. surface, and r8 per cent of sludge when 25 sg. in. of 
copper was used. The copper, which as a rule is only very slightly 
attacked, does not enter into the composition of the deposits, and here, 
as in many other oxidation processes, plays the part of a catalytic 
agent. In the case of lead, the metal generally shows signs of corro- 
sion, and enters into the composition of the deposits, which are of a 
characteristic pale yellow colour. In one deposit 36 per cent of lead 
was found. | 
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The quantity of sludge which separates out in the oxidation 
process is largely dependent on the degree of refinement of the 
oil As a general rule the more an oil is refined the more stable it 
becomes towards oxidizing agents. In the usual processes of refining 
mineral oils, these are either treated successively with concentrated 
sulphuric acid and caustic soda or they are made to pass through 
filters containing fuller's earth or similar material, or a combination of 
both methods may be employed. In both processes the unsaturated 
and more readily oxidizable portions of the oil become removed. 
Samples of oil were treated by both these processes and were found to 
give, under the air oxidation test, a very much smaller quantity of 
sludge than before refinement. Thus an oil originally giving 1 per 
cent of deposit was found to give after treatment only o'r per cent of 
deposit. The influence of the degree of refinement is also well illus- 
trated by the following results given by a series of oils in different 
stages of refinement, specially obtained for the purpose of these tests :—- 


е п Ыкы ii 
| Р iscosity. Sp. Gr. vaporation 
Oil No. ieee Flash-point. Rape Oil Өр aon af ter Eight 
at 100? C. 
BEEN 
I U35 173 105 0'897 17 
2 0°72 159 55 0°886 34 
3 0°36 146 33 о'880 5:9 
4 0°12 141 25 0°866 74 
5 0'03 182 88 : 0:882 I'O 


Although several transformer oils are on the market, which when 
subjected to the oxidation test give no deposit after 45 hours, no oil 
has been met with which did not give rise to deposit after prolonged 
treatment. In one instance an oil withstood the test for 150 hours 
without a deposit appearing. All oils oxidize in time, but it is only 
reasonable to expect that those which come out well on the oxidation 
test will also behave well in the transformer. 

Apart from the question of the quality of the oil, the design of the 
transformer has to be considered, and in this connection, if the for- 
mation of deposits is to be avoided or minimized, the following con-. 
ditions should be avoided: 1. Overheating. 2. Undue access of air to 
the oil. 3. Conditions likely to give rise to the formation of ozone. 
4. Contact of the oil with clean surfaces of copper, iron, and lead. 

In conclusion, I have to thank Mr. T. P. S. Vitty for his assistance 
in carrying out the above tests. 
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DISCUSSION. 


Mr. P. V. HuNTER: This paper deals with a subject of great 
practical importance, particularly to power supply authorities, and 
so far as I know this is the first time the subject has been brought 
forward in a comprehensive manner. I think I am quite safe in saying 
that the sludging of transformers is costing thousands of pounds 
annually. Anything which leads to the elimination of this trouble 
means therefore a big saving to the industry as a whole. I do not 
think that Dr. Michie assumes for a moment that this paper is the 
final word on the subject, personally I feel sure that there will be 
further and equally interesting developments in the future. The 
author states that there are four requirements of the medium used in 
transformers, but oil meets only one of these requirements in a satis- 
factory degree, namely, good insulating properties. It does not meet 
the other requirements because it is inflammable, has appreciable 
viscosity, and is not stable. On the whole, therefore, oil seems to be 
rather a makeshift. Unfortunately, up to the present we have no 
better alternative. Atthe bottom of page 216 and the top of page 217 the 
author refers to local overheating in the windings, which is evidenced 
by the boiled-up and carbonized appearance of certain deposits taken 
from transformers. The particular condition commented on is, of 
course, due to the ventilating ducts having been blocked up by sludge, 
and I rather think Dr. Michie has confused cause and effect. The 
stoppage of the ducts prevents the oil from having access to the 
internal parts of the transformer, and consequently the temperature 
of those parts rises to a dangerous figure. It is really this effect that 
renders the trouble from sludging so serious. The total amount of 
heat dissipated in the transformer is not increased appreciably by 
sludging, consequently the actual temperature of the oil rises very little. 
It is, in fact, almost impossible to detect from the temperature or 
appearance of a transformer whether or not sludging is taking place. 
In general no evidence of sludging is visible until the transformer is 
lifted out of its case. The transformer sludging problem first came to 
my notice about eight years ago, and for a number of years afterwards 
Newcastle seemed to be the only place in the world where transformers 
sludged. It was even suggested that there was something in the air 
of Newcastle conducive to the sludging of transformers. I think, 
however, the explanation is that the design of transformer used depended 
largely upon ventilating ducts in ortler to reduce the cost, and as soon 
as these ducts became sludged local overheating took place. In the 
older type of transformers ventilating ducts were not employed, and 
if the oil sludged nothing much happened to the transformer. It also 
occurs to me that this has a great deal to do with the fact that a large 
number of old transformers in use at the time did not give trouble due 
to sludging. Another explanation is, I think, that the supply companies 
were at that time developing rapidly and transformers were rather 
frequently heavily loaded, 1 should like to know whether the author 
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has made any experiments to determine whether covering the copper 
with cotton appreciably reduces the formation of sludge. From the 
table on page 217 I note that with air alone a sludge of 0°28 per cent 
is obtained, whilst with copper present there is 0'g4 per cent. Would 
the author expect the о'о4 per cent to be reduced if a single layer of 
cotton were placed over the copper. In а similar way the iron used in 
transformers is covered by a skin of black oxide which may protect it. 
I mention this point because I recently came across a transformer 
where a large amount of copper was exposed to the oil. The trans- 
former was for furnace work and had heavy copper connections. This 
transformer sludged quickly although a reasonably good transformer 
oil was used. The conditions under which the transformer worked 
were not sevcre—one week on and one week off. I was rather sur- 
prised to find it had sludged so rapidly, although the oil was not of the 
best quality, and after consideration I came to the conclusion that the 
explanation lay in the fact that much more bare copper was exposed 
to the oil than is generally the case. 

Mr. L. R. MonsHEAD : I was for some years connected with the 
manufacture and sale of transformers, and in common with others 
I experienced trouble with the sludging of oils. At that time this par- 
ticular phenomenon was attributed partly to electrical causes and partly 
to the working out of waxes and other materials used in the insulation. 
I think Dr. Michie is to be congratulated on having proved so con- 
clusively that the formation of sludge is almost entirely a matter of 
oxidation. The whole question of suitable oils is most complicated, and 
there is undoubtedly a great deal of work yet to be done before we 
have arrived at the solution of all the troubles connected with switch 
and transformer oils. А point arises in connection with the table on 
page 218, which gives particulars of an oil in four different stages of 
refinement. It is there shown that as the sludge matter in the various 
oils is reduced by refinement the flash-point of the oil drops very 
seriously. Does it follow that an oil in which sludge has already 
formed and which has then been filtered has its flash-point reduced ? 
It seems to me that this question is of serious importance to transformer 
users. It is, I gather, pretty well understood now, but I should like to 
have Dr. Michie's further confirmation, that any oil which forms sludge 
will, if filtered and returned to the transformer in a clean condition, 
again sludge approximately in the same proportion as in the first case. 

Mr. J. WILSON: I have known trouble from the discolouring of 
transformer oils during the drying-out of transformers, and as this 
trouble is closely allied to sludging, a remedy for it may be of interest. 
The method which has been suggested to me is to float broken-up 
charcoal or coke breeze on the surface of the oil; apparently the 
colouring matter adheres to this, leaving the oil perfectly clear. I have 
not tried this, so cannot say that it is perfectly successful, but I should 
like to hear Dr. Michie's opinion of it. 

Mr. J. SCHUIL: I should like to ask Dr. Michie whether he has 
considered the liability of oil to take up moisture, I should have 
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thought this point important enough to be mentioned amongst the 
requirements of a good oil. Even the slightest amount of moisture 
greatly lowers the insulating quality of an oil. If a transformer stands 
idle for a considerable time the oil may become too damp and must be 
heated up to give it back its insulating properties. I should further 
like to ask whether the treatment of the oil with acid, mentioned in the 
paper, could leave enough acidity to attack metals. I have known 
cases where oils were accused of attacking the contact surfaces of oil 
switches. I found, however, that the amount of acid present was too 
small to have caused this trouble. The presence of sulphur in oil, 
however, is of more importance, as oil can contain large quantities of 
this material, which will attack bright metal parts. I note that Dr. 
Michie is of opinion that high potentials do not affect oil: this may be 
the ease with clean oils, but when once a sludge has been formed in 
transformers it is possible to see the deposit move about between the 
high-tension parts and those earthed. 

Mr. F. О. Hunt: I should like to ask whether oil No. 5 in the table 
given on page 218 is another class of oil, or merely the same oil carried 
to a greater state of refinement. If so, what is the reason for the sudden 
change in the tendency of the figures ? 

Mr. C. VERNIER: Looking over the table showing the effect of 
various metals on sludging, I should like to ask Dr. Michie whether he 
tried aluminium, or if he has any idea how aluminium would be likely 
to behave. There is always the possibility of using aluminium wire, 
and such information should be useful. 

Mr. W. C. MouNTAIN : From my own experience with transformer 
oils it appears that a very great deal depends upon the price which the 
consumer is prepared to pay for them. Oils containing a considerable 
amount of colouring matter are as a rule much cheaper than the clear 
oils which are now being used, and I have always thought that the 
sludging arises from the amount of colouring matter contained in the 
ой. If, therefore, an oil is required which will not sludge, it should 
apparently be as clear (i.e. as free from impurities) as possible, but 
such oils are of course more costly. If transformer users would insist 
on having a good class of oil, and were prepared to pay a reasonable 
price for it, then I am satisfied that there would be less trouble than is 
experienced by some at the present time. I also think that a good deal 
of the trouble experienced with transformers is due to the makers 
rating them far too high, so that they run at a correspondingly high 
temperature. If the heating were kept down to a reasonable limit— 
which would probably mean rather more expensive transformers—then 
the trouble would very largely disappear. 

Dr. MICHIE (in reply): With regard to the effect of covering the 
copper with cotton, there is no doubt that any means taken to prevent 
the intimate contact of the oil with the copper will reduce the rate at 
which the sludge is formed, and, on the other hand, the exposure of 
much bare copper will have the opposite effect, as in the interesting 
case cited by Mr. Hunter. Whether an oil which has once sludged 
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and afterwards been filtered will show a lower flash-point than the 
original oil is a point which I am not prepared to answer definitely. A 
few oils have been examined after oxidation, and these show that a 
considerable lowering of the flash-point accompanies the formation of 
sludge. Much will depend on the temperature to which the oil has 
been exposed. If the temperature is excessive, cracking of the oil will 
take place, with the formation of highly inflammable products. Ап oil 
recently examined from a transformer which had broken down, and in 
which considerable overheating from arcing had occurred, was found 
to have a flash-point of 40? C. The original flash-point of this oil 
was 180° C. 

A point raised by Mr. Morshead is the liability of an oil to form a 
second instalment of sludge after filtering from the first. A great deal 
will depend on the oil. In some cases the sludge-forming constituents 
will be mostly removed on the first oxidation, while in other cases large 
quantities of sludge may again separate out. The effect of carbon in 
removing the colour from oils is well known, and is frequently made 
use of in the process of refining. 

I have made no experiments on the amount of moisture taken up by 
different oils on standing. The differences in this respect alluded to 
by Mr. Schuil are possibly due to minute traces of acid left in the oils 
after refinement. Аз a rule refined oils are quite free from corrosive 
properties. The question of moisture in transformer oils is very 
important, and also very difficult. Mineral oils are capable of dissolving 
at ordinary temperatures only very small quantities of water, something 
of the order of 0'005 per cent, and the estimation of this moisture is a 
difficult matter. 

In reply to Mr. Hunt, oil No. 5 was understood to be of the 
same class as the others in the table, and the sudden change in the 
figures is probably due to re-distillation of the oil in order to raise 
the flash-point. 

In reply to Mr. Vernier, the effect of aluminium on sludging has not 
been tried, but I should not expect it to have much influence. 
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SOME RECENT IMPROVEMENTS IN 
CONTINUOUS-CURRENT METERS. 


By W. E. COOKE, Associate. 
(Paper read before the CAPE TOWN LOCAL SECTION 25th September, 1912.) 


ABSTRACT. 


Before describing the improvements to be found in some of the 
most recent patterns, it is convenient to divide continuous-current 
meters into two main classes :— 


I. Ampere-hour meters ; 
2. Watt-hour meters. 


AMPERE-HOUR METERS. 


By far the greater number of ampere-hour meters in use in South 
Africa are of the mercury motor type and are manufactured by two 
firms. 

Owing chiefly to the advent of the metal filament lamp, and the con- 
sequent large increase in the number of small consumers, many improve- 
ments have been made in the design of these meters during the last 
few years, the result of which is shown by the accuracy now obtainable 
on very small loads. Fig. 1 represents curves obtained from a 
number of tests of Ferranti meters of the old and new type, and clearly 
shows the superiority of the new model at low loads. | 

Effect of a Shori-circuit.—Fig. 2 illustrates the effect on a 
Ferranti meter of the old type of a 220-volt short-circuit through a 
20 S. W.G. lead fuse; it will be noticed that a considerable improve- 
ment results at the lower loads. Unfortunately, this improvement, 
which appears to be due partly to the increase of the residual 
magnetism, but mainly to the violent agitation set up in the mercury 
by the short-circuit, is not permanent, the meter returning to its 
normal condition in a few weeks' time. 

A number of tests taken on the latest types of Chamberlain and 
Hookham and Ferranti meters, before and after short-circuiting at 
220 volts through a fuse 100 per cent in excess of the rated capacity of 
the meters, showed no effect whatever on the Chamberlain and 
Hookham meters, and rather under 2 per cent on the Ferranti meters, 
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FiG. 2.—5-ampere Ferranti old type Meter ; before and after Short-circuiting 
the Meter through a 20 S. W.G. Lead Fuse. 
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which latter, however, returned to their normal condition in a few 
days. 

The top curve in Fig. 3 shows a rather curious increase in speed of 
the meter between } load and } load, caused by a slight alteration in 
the strength of the permanent magnets after the short-circuit. The 
lower curves illustrate the change in accuracy of the meter when tested 
with and without the cover, and clearly demonstrate the necessity of 
attending to this when carrying out tests. 

Temperature Error.—The temperature error of the mercury motor- 
type of meter amounts to about o'2 per cent per degree Fahrenheit. 


FIG. 3.—5-ampere Ferranti Meter. 


А. With cover. 
B. Without cover. 
C. After short-circuiting the meter through a 20 S.W.G. lead fuse. 


This error is inherent with mercury meters, and it is doubtful if much 
improvement can be expected. If meters are calibrated, however, for 
the average temperature of the locality in which they are to be used, 
the error will be comparatively small. 

Fig. 4 illustrates the alteration in the accuracy of a meter over a 
range of 29 degrees Fahr., which, however, is considerably more than 
double that usually met with in practice. 

Accuracy.—Tests show that there is very little difference between 
the accuracy of the two best-known makes of mercury motor meters. 
Fig. 5 represents the average result obtained from a number of tests 
made on meters manufactured by these firms. 
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FiG. 4.—5-ampere Chamberlain and Hookham Meter ; Error due to 
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Fic. 5.—Tests on 5-ampere Mercury Motor Meters. 
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WATT-HOUR METERS. 

In the latest types of watt-hour meters the starting coil has sufficient 
ampere-turns to over-compensate slightly for friction, the coil itself 
being so arranged that it can be moved not only in any direction across 
the face of the armature, but that it may also approach or recede bodily 
as required. This combination of adjustments, which, it should be 
noted, only affects the accuracy of the meter on light loads, is of great 
service in cases where meters have to be fixed to vibrating walls, a by 


Load. 
T9 "ho 14 16 34 I 


Fic. 6.—Tests on Thomson Commutator Motor Meters. 


no means uncommon occurrence in Cape Town. The old type of 
meter with a large commutator and flat spring brushes was found to 
slow down 2-3 per cent after being in use for 18 months, due to friction 
caused by slight roughening of the commutator and brushes, which 
had then a tendency to collect dust. The latest types are fitted with 
extremely smail commutators and brushes of round section. ‘These 
brushes, which are usually of silver, are fitted with small adjustable 
weights whereby the desired amount of tension can be obtained. ‘The 
slowing down of meters on light loads due to brush friction has now 
practically disappeared. 

The curves shown in Fig. 6 are the result of a number of tests made 
on Thomson meters of the old and new types, and clearly show the 
improvement in the latter at low loads. 
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Watts Lost.—Little or no improvement appears to have been made 
in this respect. The full-load losses in the current and shunt coils of 
some 5-ampere Thomson meters of the latest type amount to as much 
as 11 watts, the loss in the current coils being considerably higher than 
that found in some of the older types. 

The keen competition existing between manufacturers of watt-hour 
and ampere-hour meters, more especially in the smaller sizes of meters, 
is no doubt responsible for this state of things. But when one takes 
into consideration that the total consumption of many of the small con- 
sumers does not exceed 6 units per month, and that during this period 
the watt losses (from which, of course, no revenue is derived) in the 
meter amount to something like 4 units, it is not difficult to understand 
why the supply companies have adopted the ampcre-hour meter, the 
losses in which for a similar period would be rather less than half 
a unit. 

The useful field for continuous-current watt-hour meters is 
undoubtedly that of the large consumer ; more especially is this the 
case where energy is supplied in bulk at a very low price per unit. 

Temperature Errors.—The errors due to variations in temperature 
amount to about o'09 per cent per degree Fahrenheit, and in this 
respect compare very favourably with mercury motor meters. When 
installing meters of large capacity care should be taken to secure good 
contact between the current coils and the incoming leads, otherwise 
serious errors due to heating will take place. Errors due to these 
causes are not usually suspected, but in one case known to the author 
the error exceeded 74 per cent. 


TWO-RATE METERS. 


A considerable number of these meters have been in use in Cape 
Town for the past 1r years, and are either of the Thomson or Aron 
type. Where meters are fixed in premises situated close together, the 
. former type are used, and in outlying districts the latter. 

The Thomson 2-rate meter is provided with two distinct counting 
trains, representing the day and night consumptions, and these trains 
are thrown into and out of gear by means of a small friction clutch con- 
nected through levers to the armature of an electromagnet. This 
magnet coil when energized absorbs a little over 3 watts, and is 
connected in series with about roo others by means of a small twin 
cable, the ends of which are brought back to the central station and 
connected through a resistance to the busbars during the hours in 
which energy is supplied at the night rate. 

In order to avoid the possibility of the accuracy of the meter being 
affected whilst the electromagnet is energized, the latter is placed well 
away from the brake disc, and is further designed with a view to 
avoiding a stray field. From a number of tests on these meters with and 
without the coil energized, no alteration in their accuracy could be 
detected. The chief advantage of this system is the ease with which 
the registering device of all the meters is caused simultaneously to 


1912.] CONTINUOUS-CURRENT METERS. 229 


change over from one dial to the other, preferably by means of a time 
switch in the station. In this respect the system is much superior to 
that of the 2-rate Aron meters, the clocks of which require to be 
inspected once a month. 

The disadvantages of the system are :— 


I. High initial cost, both for meters and cable. 

2. In the event of an earth developing on the cable, the meters 
connected between tlie fault and the return cable will fail to 
change over on to the night rate—with consequent loss of 
revenue. 


Two-rate Aron Clock Meter.—The usual form taken by this meter 
consists of two pendulum clocks, placed side by side ; to the lower end 
of each pendulum a shunt coilis fixed, the windings being connected 
in series across the supply mains so as to form similar poles, and are 
thus astatic as regards external fields. 

The meters are provided with two distinct counting trains represent- 
ing the day and night consumptions, the change-over from the day to 
the night rate being controlled by a special mechanism attached to an 
electrically-wound clock fixed on the side of the meter, which enables 
any combination in the hours of the day and night rates to be effected. 
Contrary to expectations, tests made on some of these meters which 
had been in use for 7 years prove that the meters are remarkably 
accurate, the mechanism itself showing very little signs of wear. 

The disadvantages of this system are :— 


т. High initial cost. 

2. Testing of the meters is most tedious and can only be done by 
means of the dial. Tests require to be taken over a 
considerable period if anything like accuracy is to be 
obtained. 

3. The only legitimate method of adjusting this meter, if found 
inaccurate, is by altering the resistance of the shunt ; this at 
best is a tedious business. 

4. Repairs to the clock mechanism are by no means simple, and 
require the aid of a skilled mechanic. 


In conclusion, the author wishes to thank Mr. Power, of the Testing 
Department of the Corporation, who has carried out a number of tests 
in connection with the subject-matter of this paper. 
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AIR-COOLED JACKETING IN HOLLOW WALLS 
BY ELECTRIC FANS. 


By J. W. MEARES, Member. 


(Paper read before the CALCUTTA LOCAL SECTION 27th February, 1913.) 


In the plains of India, where all structures exposed to the sun during 
the hot weather become unbearably hot, the universal use of hollow- 
wall construction for buildings would naturally be expected. For some 
reason, however, this is not the case, and the system has in fact only 
been used to a very small extent. The large amount of building which 
will be necessary in the new capital at Delhi has lately brought this 
question to the front, and a suggestion by the author has been taken up 
by the authorities with a view to mitigating the conditions which are 
experienced in similar localities. Although primarily a civil engineer- 
ing matter, it is believed that this Local Section of the Institution will 
find it interesting. 

Briefly the proposal is that, in place of an ordinary still-air jacket, 
artificially cooled air shall be circulated between the inner and outer 
walls by means of an exhaust fan, the cooling being effected by drawing 
the current of air through a wetted screen or other contrivance such as 
is described later in this paper. The data on which the calculations in 
this paper are based are not so complete as they might be, but they 
prove the proposal to be feasible ; and it is thought that other countries 
than India may perhaps with advantage use the method proposed. 


Hor WEATHER CONDITIONS IN THE PUNJAB. 


During the hot weather months, viz. April to June, the ordinary 
climatic conditions are : (a) maximum black-bulb temperature amount- 
ing to as much as 180? F. ; (b) daily shade temperature of about 120? F. 
during the hottest hours; and (c)air very nearly dry throughout the 
24 hours. It is not unusual for rooms to rise to a temperature of тто°, 
and the temperature in railway-carriages may easily rise to 125? or 
more. Under these conditions a fan or punkah only serves to make 


` 
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the discomfort a trifle less acute, while the use of thermantidotes * for 
cooling the inside air renders the latter damp at the same time, and 
thus makes matters very little better. The wet bulb of a hygrometer 
will under the above conditions register from about 61° to 64°F. at 
midday, and by means of a suitable continuously wetted screen a 
current of air at about this temperature can be maintained ; in what 
follows, however, it has been assumed that the minimum obtainable in 
practice will be about 70° F. The temperature aimed at in the rooms 
cooled by this method is 80°. This is found to be as low as is consistent 
with comfort under the conditions set forth ; in fact, even 85° would 
feel cool. 


DISPOSAL OF HEAT RECEIVED FROM THE SUN. 


Of the total amount of heat which the outside of a building receives 
from the sun during a day a certain proportion, depending on the 
nature of the outer surface, is immediately radiated away, and even 
more is dissipated in heating the air in contact with the walls and the 
roof ; the convection currents which consequently arise cause a regular 
stream of the somewhat less heated surrounding air totake the place of 
the rising current. The remainder of the heat penetrates the surface 
and eventually heats the interior of the building, the amount depending 
on the heat conductivity and thickness of the building material and the 
difference of temperature between the inner and outer faces; but the 
proportion of the total heat which thus penetrates the structure does not 
appear to have been investigated. In a hot, dry climate the inside of 
a building is also heated by the direct entry of hot air from outside, 
rendering it necessary to close all doors and windows during the hours 
of maximum temperature. А considerable amount of heat also enters 
by conduction through the closed doors and windows, where the thick- 
ness of the resisting medium is necessarily much less than in the walls 
and roofs; venetian shutters outside the closed windows are generally 
employed to mitigate this, the enclosed air space acting as a fairly 
efficient non-conductor. 


THE Use or HOLLow WALLS AND AIR JACKETING. 


In cold climates hollow walls and ceiling spaces are frequently used 
to prevent the exit of heat, but they have been comparatively little used 
for the reverse process in India. It is obvious, however, that an air 
space, or a space filled with some non-conducting substance such 
as slag wool, will only delay the transmission of heat and increase the 
proportion thrown back. А decrease of a few degrees in the final 
temperature of the inside surface of the walls, and of the rooms within 
them, is all that can be expected. 

If, however, a current of artificially cooled air is continuously drawn 
through the whole of such an air space, and then discharged, the heat 

* For the benefit of those who do not reside in India it may be explained that a 


thermantidote is a device for cooling air by the rapid evaporation of water. There 
are many types in use. 
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can be carried away as fast as it is received. The temperature of the 
inner component of the wall can then only rise to the average tempera- 
ture of the air drawn past it; for the radiation of heat across the 
current of air will strike the surface of the inner wall and the heat will 
be promptly taken up by the air current. The mean temperature of the 
air current is assumed to be 80°F., the air being drawn in nearly 
saturated at 70° and discharged at оо”. 

It will be interesting then to ascertain what amount of heat is 
received and to what extent it can be disposed of in the manner 
suggested. In this connection the author consulted Dr. George 
Simpson, D.Sc., F.R.Met.S., of the Meteorological Department of 
the Government of India, who suggested a method of dealing with 
the problem, and supplied the data on which it is based. This will 
now be discussed. 


CONDUCTION OF HEAT THROUGH MASONRY. 

The highest temperature which can be attained by a wall, etc., 
exposed to the sun, cannot at any time exceed that of the black-bulb 
thermometer. The maximum black-bulb temperature in the hot 
weather, at noon, in the Punjab, is found from the records in the 
Indian Meteorological Department to be in the neighbourhood of 
180° F. It is of course much lower during the greater part of the day, 
and the highest average temperature over 24 hours is about 100°F. 
Now the heat conductivity of various substances either used as build- 
ing material or of somewhat similar properties has been experimentally 
determined, and the following are some of the figures :— 


Quartz sand Sii Jis .. о'ооог оп the C.G.S. system. 
Sandstone hes Vas „+. О'ООО17 » x 
Portland cement vis ...  0'0007 T » 
Chalk  ... i des ... 0'002 3 у 

. Firebrick E (us wee 0002 Е s 
Slate mr és e... 0'003 н T 


In Hurst's “ Surveyor's Pocket Book” a table of comparative heat 
conductivities is given, from which it appears that ordinary brickwork 
has a value slightly lower than firebrick, namely about oʻoo18 in C.G.S. 
units. A value of о'002 has been assumed in my calculations, which 
leaves a margin of 5 per cent on the safe side. 

This means that through 1 sq. cm. of the material 1 cm. thick, with 
a difference of temperature of 1? C. between the two faces, there will 
be а transference of 0:002 gramme-calories per second. This is equal 
to o'002 — 252 or o'ooooo8 British Thermal Units (B.Th.U.) Then 
through 1 sq. ft. of the same, 1 ft. thick, with a difference of 1°F. 
between the temperatures, the heat conducted will amount to— 


0000008 x (2°5 x 12) x 100 


2°5 X 12 rgo == 0000133 B.Th.U. per second, 


or, say, o'008 B.Th.U. per minute. 
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During the hottest part of the hottest day, then, with a difference of 
temperature between the two faces of roo? (i.e. 180? black bulb temper- 
ature outside, and the assumed mean temperature of 8o? in the air 
space) the value becomes o'8 B.Th.U. per square foot per minute. This 
maximum value, however, could only hold good for a short time and on ' 
the roof alone ; it could never be even approached on a wall. If the 
highest mean daily temperature of roo? Е. be taken, giving a mean 
difference of 20? between the inside and outside walls, the heat trans- 
mitted becomes о`ооё x 20 ог 0°16 B.Th.U. per square foot per minute, 
or approximately 10 B.Th.U.’s per square foot per hour on a surface 
I ft. thick only. The thickness would in fact generally be greater than 
this, and the conductivity, taking into account the far lower values of 
cement and sand, and therefore of concrete, would probably be less ; 
but this figure is taken in what follows. 

The roof certainly receives more heat, and we may take its mean 
temperature as being 20° above that of the air, or 120°. The heat 
transmitted will then be double the above, or, for a roof, 0°32 B.Th.U. 
per square foot per minute, i.c. approximately 20 B.Th.U.'s per square 
foot per hour. 

It will be interesting to turn aside for a moment to consider the 
maximum value of the solar radiation. This will increase as the altitude 
increases, so if the maximum value obtained at the Meteorological Office 
in Simla is taken it will certainly be in excess of anything experienced 
in the plains of India. The highest value found is approximately 
I'5 gramme-calories per square centimetre per minute, with the solar rays 
falling vertically on the Ángstróm pyrheliometer. Now 1'5 gramme- 
calories = 1'5 — 252 or, say, о'ооб B.Th.U., which is the heat falling per 
minute on т sq. cm. Therefore, on 1 sq. ft. the maximum amount of . 
heat received with a vertical sun will be о'006 x goo = 5/4 B. Th.U.'s per 
minute. This value is of little more than academic interest, as repre- 
senting the maximum possible heat striking the surface. Without 
experimental data it is impossible to calculate by this method what 
amount would arrive inside a wall or roof. It will be noted, however, 
that north and south facing walls receive no direct sunlight at the 
season of maximum heat, and that what they receive by reflection is 
small in amount compared with the direct solar radiation on the other 
walls and the roof. Furthermore, when the sun reaches the west wall 
it has left the east wall, neither receiving more than about six hours’ 
sunlight. During the hours of maximum heat the rays of the sun are 
falling on the east or west wall (as the case may be) at a very acute 
angle, and they only approximate to the vertical at sunrise and sunset, 
when the heat emission is a small fraction of its maximum amount ; at 
noon the rays do not strike these walls at all. It has already been 
mentioned that of the heat received on the surface only a small propor- 
tion is transmitted through, the balance being dissipated by radiation 
and convection externally. 

In the case of the roof the above conditions are reversed to some 
extent. At the time of maximum emission the rays are approximately 
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vertical, whereas during the early morning and evening hours the rays 
are slanting and comparatively little heat is received. More heat is 
therefore received per unit area on the roof than on the walls, but the 
radiation is also greater. The heat from the roof and that from the 
west wall are the factors which make for discomfort in the plains. 


HEAT CAPACITY OF AN AIR CURRENT. 


The next point to consider is the heat-extracting capacity of an air 
current. By passing a current of dry air through a continuously 
wetted screen it is theoretically possible to reduce its temperature to 
that qf the wet bulb of a hygrometer. Assuming such a temperature 
as is mentioned above, if the air is dry the wet bulb will stand at from 
61° to 64*. In practice it would perhaps be safer to assume that a large 
volume of air can be cooled down to 70° only, which is somewhat 
above the mean wet-bulb temperature of Delhi during the daytime in 
May. Allowing a rise of 20? during the passage of the air through the 
wall and roof air spaces, the mean temperature of the air in transit will 
be 80°. Now 1,000 cub. ft. of air at sea-level weigh about 80 1b., and its 
specific heat is 0°24. For a rise of 20° F., 1,000 cub. ft. of air will then 
take up 80 X 0'24 X 20, or approximately 380 B.Th.U.’s ; that is to say, 
2:6 cub. ft. of air are required per B.Th.U. Taking the values found 
above for walls and roof, viz., 1,000 and 2,000 B.Th.U.'s per 100 sq. ft. 
of area per hour respectively, we find the quantities of air required 
to be :— 


Walls : 2,600 cub. ft. per тоо sq. ft. of area per hour. 
Roof: 5,200  ,, » » » 


Obviously, if the velocity of the air were too high, the air might 
pass through without being raised in temperature as high as 90°, and it 
would then not take up this quantity of heat; the actual power of 
taking up heat is stated to vary inversely as the square root of the 
velocity and directly as the difference of temperature. 


AMOUNT OF WATER REQUIRED. 


Although the air current is drawn in saturated it ceases to be so 
immediately, owing to the instant rise of temperature. No condensa- 
tion is therefore possible in the air space. The water vapour taken up 
does not appreciably affect the above calculations, but it is necessary 
to ascertain the amount of water used in the process. At 70?F. 
1,000 cub. ft. of saturated air contain about 1°14 lb. of water vapour, 
which enables the amount to be calculated in the following example. 


METHOD OF EVAPORATING. 


The orthodox method of cooling air by evaporation is to. draw it 
through a wetted screen, woven out of grass fibres. It is a crude 
method, involving a waste of water and offering considerable resistance. 
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Dr. Simpson, whose ingenuity in devising practical apparatus in the 
field of meteorology is well known, has suggested a far better method. 
А number of large shallow trays containing water are arranged, one 
above the other, so that the current of air is drawn over them from the 
top to the bottom successively ; from the bottom of each tray are 
hung, parallel to the air current, strips of cloth dipping into the water. 
These will form a series of tunnel-like passages, offering a large wetted 
surface and very little resistance. It is evident that if any excess water 
is discharged after being lowered in temperature (as always happens 
with a kas-kas tatti) there is a corresponding loss of efficiency ; there- 
fore the first or top tray should receive the whole supply, and each tray 
should keep the one below it supplied with water to the correct level. 
Thus both water and air will enter warm and gradually cool in succes- 
sive stages. The obvious method of keeping the water level'in the 


FIG. I. 


trays, and avoiding waste, is by the use of a ball tap in each. Ball taps, 
however, are very apt to get out of order, and Dr. Simpson has devised 
a valve which is not only far cheaper to construct but also practically 
incapable of getting out of order. From the upper trough A (see 
Fig. 1) a pipe B drops into a vessel C carried on a float D, which rises 
and falls with the water in the lower vessel E. A little mercury is put 
into C, so as just to balance the head of water in B. Then if the water 
level in E falls, the float drops and water flows in until the balance is 
restored. The apparatus is very sensitive and exceedingly simple ; it 
can be pulled to pieces and reconstructed in a minute. It has been 
suggested that engineers generally will consider this valve as a 
scientific toy, to be avoided ; if so, they have the ball valve to fall 
back on. 


Houns ОР WORKING. 


Masonry acts as a reservoir of heat to a considerable extent, and the 
transmission through it is slow. There is a lag of several hours between 
the maximum temperature outside and inside, depending on the material 
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and its thickness. Dr. Simpson has calculated that the wave length of 
the heat wave will be about 3:5 ft. and the time lag about 7 hours, on 
the assumption of a conductivity of 0'004, specific heat 02, and density 
2. Now, although the heat assumed is being received throughout the 
24 hours, it is obvious that there is no advantage in using power to keep 
the walls cool at times when the windows are all open to the wind and 
air. Advantage would in practice be taken of the fact that the walls 
have a considerable storage capacity, and the current of air would be 
started at about 9 a.m., i.e. several hours before the heat of the morn- 
ing sun would get through the masonry. During the heat of the day, 
when the building is closed up, the fan would be kept working. At 
5 ог 6 p.m., when the house is opened up, working would cease—not 
because heat is no longer being received, but because working would 
no longer be of any value commensurate with the power used. We 
may then assume the working hours to be 9 per diem. 


EXAMPLE OF AN ACTUAL BUILDING. 


In order to see how the proposal works out in practice, a single 
‘storied building of moderate size may be taken as an example. The 
F (i) type of residence for officers' quarters in the new Delhi is suitable 
for the purpose. Excluding the verandah the overall dimensions are 
70 ft. X 52 ft, and the height, which is not stated, may be taken 
as 18 ft. 

By making a “developed plan" of the building, with the roof in 
the middle and the walls extending beyond in all 4 directions, it is a 
simple matter to lay out an actual scheme of air passages and to calcu- 
late their requirements (see Fig. 2). When this is done, the following 
data are found (see Table on page 239) :— 


Roof as ... 2,900 sq. ft. Air required 2,500 cub. ft. 


per min. 
North & west walls 2,340 ,, together. Air required 1,000 ,, 


South & east walls 1,700 , » Air required 7950  ,, 


Total ... 6,940 sq. ft. Total ... 4,250 ,, 


The corresponding quantity of water used will be +255 X 1°14 
= 4'8 Ib., or, say, 29 gallons per hour. 


CONSTRUCTIONAL POINTS. 


It will be noticed in Fig. 2 that the type of residence taken as an 
example has a verandah round the dining and drawing rooms, and this 
has been assumed to be on the south side. The humidifier is placed 
on the south-west corner of the building, and would be below the 
verandah floor. The exhaust fan would be placed at the opposite or 
north-east corner, just below the roof level. The advantage of this 
arrangement is that the air would traverse the west wall and the south 
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wall of the dining-room and drawing-room, and the roof over these 
day rooms, when at its lowest temperature. The north and east walls,. 
which are less important, are in series with the others. 

In any form of hollow-wall construction (except a building with 
hollow bricks) there must be bonding between the inner and outer 
components. In Fig. 2 the roof is sectionalized by 5 continuous 
lines of bonds, giving 6 independent parallel paths for the air current ; 
the length of these paths varies from 95 to 135 ft., but it would be 
possible to get them more nearly alike if they were arranged less. 


о а PB '2 16 го mfeet 
ЛАА — — —À €— oe eee 1 


Scale 


FiG 2, 


simply. The walls have only a single line of sectionalizing bonds, 
giving two parallel paths in each. The lower of these has deflecting 
baffles, passing down between the doors and windows, to ensure the air 
reaching every part. The baffles, however, are confined to the more 
important rooms, and are unnecessary on the north side. The length 
of the air path in the walls is greater than in the roof, being 112 and 
150 ft. in the 2 straight upper sections respectively, and 170 and 
180 ft. in the 2 lower sections; as, however, the quantity of air 
required is less per unit area, this greater length is more than compen- 
sated for, and the velocity of the current is lower (see Table). It is 
fairly evident that to get the best effects in practice the inner com- 
ponent of the hollow wall and roof should be as thin as it can 
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conveniently be made, and it should also preferably be a good heat 
conductor ; it will then act as a definite cooling agent, or what may be 
called a reversed radiator, to use a very unscientific term. 

Lineal Velocity of Air Current.—The air space in the walls, etc., must 
necessarily be sectionalized so as to ensure a current at all points ; and 
the correct proportion of the total draw-off can be ensured in each 
section, once for all, by partially throttling the apertures receiving more 
than their fair share. A thick outer wall with a thin inner one and 
a space of about 3 or 4 in. between the two will probably be found 
the best, this being a reversal of the ordinary type of hollow wall. 
Assuming the air to be drawn through the walls from corner to corner, 
i.e. with two parallel paths, the velocity with a 4-in. air space will vary 
from about 150 to 250 ft. a minute (see Table). In the roof it will, 
with a 4-in. space, be about 285 ft. per minute, or 4} ft. per second, 
but a greater depth of air space is practicable, and should perhaps be 
allowed. A 6-in. space will reduce the average velocity to тодо ft. per 
minute, or, say, approximately 3 ft. per second. 

Power Required.—Although air friction may perhaps be neglected 
at these velocities, the passage will be obstructed where the air is 
drawn through the humidifier. The value of the resistance thus 
offered will have to be determined experimentally, but it will probably 
not be far from the truth if it is taken as equivalent to j-in. water 
gauge. An exhaust fan to move, say, 4,500 cub. ft. of air per minute 
against {-1п. water gauge will require about o'6 b.h.p. If it should 
prove twice this amount the matter would not be serious. 

Running Costs.—A motor giving 0°6 b.h.p. will take about 600 watts, 
or, say, о°б unit per hour. For a g-hour working day the consumption 
will then be only some 54 units. For а long-hour load of this nature a 
low price per unit would pay well, and the cost of current would 
probably be about one rupee per diem during the 3 hot months. 
To this must be added the interest and depreciation on the cost of the 
fan, and the cost of the water. 


APPLICATION TO RAILWAY CARRIAGES. 


A promising field for the application of cooled-air jacketing is in 
connection with railway passenger rolling stock. The natural draught 
of the moving train would take the place of a fan, a reversible windsail 
being fitted—as is the case where kas-kas tattis are used. By sacrificing 
a couple of inches of space the existing carriages could be jacketed 
without much difficulty, and travelling in an oven at 120° or more 
would no longer be necessary. The water supply already exists, but 
more frequent replenishing of it would be necessary. 


CONCLUSION. 
The calculations show that for a moderate-sized Indian house the 


working cost of applying this system would be small compared with 
the advantage gained. Hollow wall construction is ro per cent or 
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perhaps 15 per cent more expensive than solid masonry, but if the 
obvious advantages of ordinary air jacketing are admitted, the logical 
engineer will also admit that the jacket should be kept cool at a little 
additional expense to the builder and the occupier. The data assumed 
are, it is believed, all on the safe side; but until the experiments at 
Delhi have becn carried out it is impossible to be dogmatic. My 
thanks are due to Dr. Simpson for valuable advice and assistance in 
preparing this paper ; for the conclusions arrived at, however, I must 
take all responsibility. 
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were taken as read, and confirmed. 


Professor J. T. Morris and Professor W. C. Clinton were appointed 
scrutineers of the ballot for the clection and transfer of members, and, at 
the end of the meeting, the result of the ballot was declared as 


follows :— 
ELECTIONS. 


As Members. 


William Henry Eccles. | Ernest Sydney Heurtley. 
Arthur Clifton Kelly. 


As Associate Members. 


Thomas Thorne Baker. Godfrey Joseph Hugh Elliott. 
Lt.-Com. Alberto de Lima Harold Foster. 
Barros. John Fréderick Mitchell. 


Edward Harry Bullmore. James Strachan. 

William Randolph Churchill. Ernest Stubbs. 
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VoL. 51. 16 


{ У 
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242 ELECTIONS. TRANSFERS. [94th April, 
ELECTIONS—conlinued. 
As Graduates, 
Frederick Noel H. Beamish. William Eben Jamieson. 
Gerald Howard Eardley- Johannes Marinus van Nieu- 


Wilmot. kerken. 
Ernest George Goulding, 


As Students. 


Percy William Anderson. William Andrew Kennedy. 
Eric Dan Begg-Robertson. Gerald Newman Le May. 
Hugh Clausen. | Frederick Alfred P. Perrow. 
Flavio de Gouvéa Freire. . Robert Ernest Rushforth. 


Cyril William C. Sadler. 


‘TRANSFERS. 
From the class of Associate Members to that of Members :— 
Stephen Everard Bastow. John Martin Blair. 
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Alexander McAra Fyfe. | Herbert H. Loraine Prendergast. 
Arthur John Wray. 


From the class of Studénts to that of Associate Members :— 


George Hugh Daniel Ascoli. | Edward Montague Marvin. 
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From the class of Students to that of Graduates :— 


Harold Robert Lester Groom. | Archibald Kennard. 
Sydney Norbury Jackson. Apabhai Chaturbhai Patel. 


Professor J. T. Morris and Mr. Н. L. Leach were appointed 
scrutineers of the ballot for the election of new members of 
Council. 

A paper by Dr. Gisbert Kapp, Past President, entitled “On Phasc- 
Advancing" (see page 243), was read and discussed, and the meeting 
adjourned at 9.45 p.m, 
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ON PHASE-ADVANCING. 


By Dr. GISBERT KaPP, Past President. 


(Paper first received 3rd February, and in final formi7th February, 1913 ; read 
before THE INSTITUTION 24th April, before the BIRMINGHAM LOCAL 
SECTION 23rd April, and before the NEWCASTLE LOCAL SECTION 5th May, 


1913.) 


If the current sent out from a power house has a lagging com- 
ponent this may be compensated and the power factor brought to unity 
by connecting to the circuit some apparatus taking a leading current. 
A well-known form of such apparatus is an over-excited synchronous 
motor, and it has also been suggested to use an electrostatic condenser 
for this purpose. Whichever apparatus is used, the improvement 
takes place from the generator up to the point of attachment, but 
not beyond. The apparatus must therefore not be, installed in the 
power house, for there it would only relieve the generators of wattless 
current, and not the line. Apart from this imperfection it can easily 
be shown that this method is wasteful both in capital outlay and 
in running cost. In capital outlay because the volt-ampere capacity of 
a generator and rotary condenser is greater than that of a generator 
made large enough to give both components of the current, and 
in running cost because some power is lost in running the rotary 
condenser. 

Let EI be the output required from the generator ; then E I must 
also be its volt-ampere capacity if no phase advancer is used. If such 
an apparatus is used, then the output from the generator need only bc 
Elcos¢. The volt-ampere capacity of the rotary condenser will be 
the product of I sin ф and the voltage to which it must be excited. 
This is about 30 per cent more than the busbar voltage, so that the amount 
of dynamic machinery is in the two cases respectively EI and 
E I (1:3 sin g + соѕф) ; whilst the available power is reduced by the 
loss in the rotary condenser, resulting in a slight lowering of the 
efficiency. The expression— 


I'3 sing + cos ó 


shows the proportional increase in the amount of electrical machinery 
over the case where a generator is large enough to give both com- 
ponents. | 

The following table shows this proportion for various power 
factors, and also the loss in the rotary condenser. The latter figure 
is calculated on the assumption that all losses are covered by an 
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allowance of 4 per cent on the volt-ampere capacity of the rotary 
condenser. 


| 
1 


| | | 
| I O95 одо o85 о8о. 0'73 | 0°70 
I'3 sin ф + cos ¢ T E 1°35 | 1°46 | 1°53 | 1°58 | 1°61 | 1:62 


Power factor 


| Loss in per cent of | 
| power generated ... | o ^ r7 n 320 | 390 4'30 | 520 
| 


Thus to compensate for a power factor of о'8 by a rotary con- 
denser, the cost of the electrical plant will be increased by 60 per cent 
over a generator designed large enough for this power factor—and the 
cost of the steam plant and the expenses for power will both be 
increased by about 4 per cent. Obviously it is а wrong policy to 
install the phase advancer side by side with the generator. 

The same reasoning applies to an electrostatic condenser. The 
losses would probably be a little smaller, but to save 20 per cent 
of generator volt-amperes we should have to put in 75 per cent of 
condenser volt-amperes, obviously the reverse of a commercial 
proposition. 

We may thus dismiss at once the idea of installing any kind of 
phase-advancing apparatus in the power house, and turn to the only 
practical plan of putting such apparatus at the end of the line or on 
the customer's premises. 

Here we may distinguish two cases. First the reduction of the 
phase angle of the installation as a whole without any change in the 
power factors of individual motors or other consuming devices ; and 
secondly, the increase of the power factor of individual motors.  Thc 
first case is obviously the only possible one if electrostatic condensers 
аге to be used, and it is also the only possible solution with rotary con- 
densers if the existing motors either because of small size or special 
type do not lend themselves to the application of individual phase 
advancers. 

In the second case the advancement in phase of the current of a 
few large motors may be carried beyond what is required to bring 
their power factors individually to unity, so that these large motors are 
compelled to take a leading current which will make up to some extent 
for the lagging current taken by the small motors. It will be con- 
venient to treat the two cases separately. 


I. PHASE ADVANCEMENT OF THE SUPPLY SYSTEM AS A WHOLE. 


At first sight this would appear the best policy, because in no way 
does it interfere with the existing arrangements of the customers of the 
power company. A little consideration of the general problem, how- 
ever, soon leads to the conviction that this plan is too expensive 
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for general adoption and сап onlv be justified if the cost of the line 
has a preponderating influence. It is the only possible method where 
the consuming devices are squirrel-cage motors, arc lamps, induction 
furnaces, and similar appliances; and then it becomes a question 
whether it will be more profitable to put in a phase advancer or to 
lay an additional line and install additional generators if the plant 
must be extended. 

Each case must be studied on its merits ; but to obtain at least an 
approximate view of the economic conditions involved, we may 
consider the case of a group of small motors taking together at peak 
time тоо kw. at a power factor of 07. This is not too low an estimate, 
for whilst a few of the motors may be working fully loaded with some- 
thing like o°85 power factor, a good many will be underloaded, so that 
the power factor of the group as a whole cannot be expected to have a 
higher value than o'7. 

Now suppose that this installation must be extended by the addition 
of similar motors. The line is loaded to its full current capacity. Any 
additional power required for the new motors must therefore either be 
supplied over a new line or the power-carrying capacity of the old line 
must be increased by improving the power factor. It may be assumed 
that the steam plant has the required margin of power, and since the 
current is not increased the generators will also be able to give the 
additional power. To fix our ideas let us assume that the line loss 
before the enlargement of the installation, when the power factor was 
07, Was 10 per cent of the power delivered, ог то kw., and that this 
loss shall not be exceeded when a phase advancer is installed. This 
means that the output of the generator, defined as so many volt- 
amperes, will remain the same. In our case this output is 153 k.v.a. 
The gain in saleable power will depend on the amount of phase 
advancement, but cannot exceed thc value corresponding to unity 
power factor. Allowing 4 per cent of the volt-ampere capacity of the 
idle running motor to cover its losses, the net saleable power before and 
after the installation of the phase advancer is given in the following 
table :— 


| 

| 

| k.v.a. of idle running | 
motor M 

| 


Power factor ... ө 0'70 обо | o85, ооо |. 9'95 | Do 
Saleable kw. ... e. IOO 113 | 120 | 125 131 136 | 
Efficiency... e. ООП exe) a одо! оўо | O'9O o'89 

| | | | 

40 61 | 85 | 110 | 

| 


| additional saleable 


' k.v.a. required for each | | | | 
| | 
kw. ... ns we cem | 
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Since the phase advancer is a synchronous motor it requires an 
exciter, starter, and synchronizer. The cost of such a machine with its 
adjuncts would hardly be less, and may be more, than £2 per k.v.a. 
capacity, so that if new motors are installed taking at peak time an 
additional 25 kw. at 0'7 power factor, this would entail an expenditure 
of about £180 for the phase advancer and:a sacrifice of 1 per cent 
in efficiency of transmission from generator to motors. If the addi- 
tional power required amounts to the possible maximum at unity 
power factor, namely, 36 kw., the additional expenditure would be 
£380 and the efficiency would be lowered by 2 per cent. Thus every 
additional kilowatt set free for sale is obtained at a capital outlay of 
from £7 to £10. 

The financial position is not improved by replacing the dynamic 
machine by an electrostatic condenser. In the discussion on Professor 
Miles Walker's recent paper * Mr. А. W. Ashton quoted £28 per k.v.a. 
as the cost of condensers, and in a letter to the Press this was after- 
wards corrected to £1'9 for a frequency of 50. For power transmission 
a lower frequency is desirable, and then the cost of condensers is pro- 
portionately increased. The static condenser can therefore in point of 
cost hardly compete with the dynamic condenser. The fact that it 
requires no attention and has a slightly lower loss is more than counter- 
balanced by its as yet experimental nature. We know that a motor can 
run for any length of time with perfect reliability, but we do not as yet 
know how a condenser will behave if it is connected to the line and left 
there during an unlimited period. 

In what follows, the author limits himself to the study of phase 
advancement by dynamic machinery. 

Whether the expenditure of from £7 to £10 per kilowatt of additional 
saleable power is a commercial proposition cannot be decided gene- 
rally. If the line were very long and expensive it might pay, but at 
any rate a less costly solution would be preferable. Such a solution 
is provided in the second case, viz. :— 


Il. PHASE ADVANCEMENT APPLIED TO INDIVIDUAL MOTORS. 


Since in this case the dynamic condenser is not only used as a 
phase advancer, but is also doing useful work as a motor, its cost must 
not be entirely debited to advancing the phase. Only so much of the 
cost should be debited to phase-advancing as is represented by the 
alteration in the motor to make it suitable for this purpose. It must 
be wound so as to give the larger electromotive force, and its current 
capacity must be greater than that corresponding to its mechanical 
power. 

Phase-advancing by an idle running motor may or may not be a 
commercial proposition ; phase-advancing by a loaded motor certainly 
is, especially for the power company, since their share of the cost can 
only amount to a part of what it would be if they had to do the 


* Sournal of the Institution of Electrical Engineers, vol. 5o, p. 329, 1913. 
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phase-advancing by an idle-running motor on their own account, 
instead of getting a customer to help them. At the same time thev get 
the full benefit of a smaller phase angle over the whole system, which 
enables them to sell more power without having to lay down additional 
plant. More power without additional capital outlay means a decrease 
in the fixed charges per unit and consequently a reduction in generating 
and distributing costs. 

The over-excited synchronous motor has certain virtues, but also 
one drawback. Amongst the virtues must be mentioned constancy of 
speed and a high overload capacity, which distinguish it favourably 
from the ordinary induction motor; but it is also distinguished 
unfavourably from the induction motor by the difficulty of starting, or 
rather by the necessity of starting-appliances 
being provided, including a synchronizer. 

Some types of synchronous motors bave 
been developed which do not require syn- 
chronizing and in which the starting-appli- 
ance is fairly simple. Of these types two 
may be mentioned : one has been perfected 
by the Lancashire Dynamo and Motor Com- 
pany, and the other by the late Mr. Daniel- 
sen, of Vesteras, Sweden. 

The Lancashire Dynamo and Motor 

Company's arrangement is shown in Fig. 1. 
The outer circle represents a 3-phase stator, 
and the inner circle a wound rotor. This 
rotor may be excited from a small dynamo, e, 
and then it becomes the continuous-current 
field magnet of a synchronous motor, the 
stator being the armature. At starting, 
however, the rotor is not excited, but its 
winding is closed over the resistance shown, 
and then the rotor winding acts as the FiG. 1. 
secondary circuit of an induction motor. 
The machine is started in the usual way by gradually reducing the 
resistance until the contact a has advanced to b and the whole of 
the starting resistance is short-circuited. The machine then works like 
an ordinary induction motor. If now the resistance is again inserted 
and at the same time the exciting circu of е is closed, the rotor becomes 
a continuous-current magnet and jumps into step. By the time the 
contact a has been completely withdrawn from the starting resistance 
the rotor is over-excited, and the machine, whilst giving power 
mechanically, acts as a phase advancer. 

in the Danielsen arrangement (Fig. 2) the three lines, a, b, c, repre- 
sent the phases of the rotor of an induction motor. Phase a is shown 
by a thicker line to indicate that it has twice the copper section of the 
other two phases. 5 is the starter, and the contacts corresponding to 
the phases 6 and c are permanently connected. The contact corre- 
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sponding to a is connected to the joined contacts over a small con- 
tinuous-current series exciting dynamo e, mounted on the motor shaft. 
During the starting period the connections to the dynamo are short- 
circuited and the brushes are placed on the axis of the field so that the 
machine cannot excite. 

The motor is started as an induction motor in the usual way, and 
when up to speed, i.e. when the whole of the starting resistance is 
short-circuited, the exciting dynamo is inserted by opening the switch 
above mentioned. It will then be traversed by the rotor current, which 
has the very low frequency of the slip. Hence the sclf-induction of the 
exciter docs not interfere with the working of the machine as an induc- 
tion motor. 

If now the brushes are shifted into their working position the 
machine begins to excite not only itself but also the rotor of the motor, 
transforming it into a continuous-current magnet. The current enters at 
phase а and passes out by the other two phases in parallel. This is the 
reason why the copper section of phase a is twice that of the other 


me 


-- ————— — 


c 


c 


FIG. 2. 


phases. The machine jumps into step and becomes a synchronous 
motor. The excitation is adjusted by shifting the brushes on the 
exciter. 

It is interesting to inquire what extra amount of material is neces- 
sary to make a synchronous motor capable of performing the double 
duty of motor and phase advancer. The amount of material and in 
some sense also the cost of the motor may be expressed on the basis of 
the product of electromotive force and current. ‘The electromotive force 
is that to which the machine must be excited if it is to act as a phase 
advancer ; and this E.M.F. is also that which it would give on open 
circuit if power were supplied to&irive the machine as a generator. 

It has been assumed above that this E.M.F. exceeds the line 
voltage E by about 30 per cent. If the machine is running merely as a 
phase advancer, i.e. is doing no mechanical work, the resultant E. M.F. 
which drives the current through the armature will be оз E. The 
resistance of the armature is so small compared with the reactance w L 
that we may neglect it, and we thus obtain the following expression for 
the current (which in this case leads the line E.M.F. by до degrees)— 
оз E 
vL 


I 2 
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The armature winding must be of sufficient section to let this 
current pass without the permissible temperature rise being exceeded, 
and the field must be strong enough to make the induced E. M.F. = 1:5 E. 
The rating of the machine will therefore be 1'3 E I. 

Now let us inquire what would be the rating of a machine working 
merely as a motor at unity power factor and taking the same current I. 
It would have to be excited to 1:045 E, and its rating would therefore be 
I'045 E I. 

А machine intended to act purely as a phase advancer is therefore 
24'5 per cent larger than a machine intended to act purely as a motor 
and taking the same current. 


A 


FIG. 3. 


How docs the case stand if the machine is to act both as a phase 
advancer and as a motor? It will then have to take a watt component 
I from the line and to return a leading and wattless component I to 
the line. The total current passing through the armature will there- 
fore be І,/2, and the armature voltage on open circuit must be 1°33 E, 
‘so that the rating becomes 1°87 E I, or 79 per cent higher than the 
rating of the simple motor. Since both components of the current are 
of the same magnitude the power factor of the over-excited motor is 
077, the current leading. 

The overload capacity of the combined motor and phase advancer 
is considerable. It will fall out of step at about 4 times normal load, 
but the current would then be lagging by 45 degrees. With the 
machine overloaded to a little under 3 times its normal load the phase 
angle would be zero, so that up to this limit the machine still acts as a 
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phase advancer ; it should be remembered that a motor taking current 
at unity power factor added to a group of motors taking current at 
0'7 power factor raises the power factor of the whole system. 

Fig. 3 shows the vector diagram of the combined motor and phase 
advancer. OA is the line voltage, A B the voltage to which the 
machine is excited, and O B is the resultant voltage which produces 
the current OC. In taking O C as a measure of the current we make 
the assumption that the ampere scale is w L times the volt scale. Then 
O B may also be taken as the current vector rotated through 9o degrees, 
and its projection on the vertical axis OL becomes a measure of the 
leading component of the current, its projection O P on the horizontal 
axis being also a measure of the power component. By a suitable 
change of scale the latter projection can also be made a measure of 
the mechanical power. 

The circle drawn with А as centre and with a radius representing 
the voltage to which the motor is excited gives, therefore, the relation 
between the mechanical power and the magnitude of the leading 
current injected. It will be seen that up to normal load the leading 
component does not alter much; and herein lies the advantage of 
using the phase advancer as a motor. With an overload the decrease 
in the leading component is more marked, and this component 
becomes zero at about 2:9 times normal load. 

If we now apply this motor phase advancer to the case previously 
considered, of a group of customers taking 100 kw. at the time of peak 
load with a power factor of 0°7, and inquire what it will cost to add 
another 25 kw. of saleable power without increasing the generating 
plant or line, we find that the added synchronous motor will have a 
rating of 60 k.v.a. and will take 25 kw. without increasing the line 
current. The improved power factor will be оо. 

The cost of the motor is £120, of which £70 must be debited to it 
in respect of its being a motor and £50 in respect of its being a phase 
advancer. If this cost were borne by the power company it would 
mean that by the expenditure of £50 it purchases a market for an 
additional 25 kw. of saleable power. ‘his is at the rate of {2 
per kilowatt. If, оп the other hand, the customer is to pay the £2 
per kilowatt he will expect a recompense in the shape of a lower tariff 
or a discount on the general tariff. This discount need not be large. 
The yearly bill per kilowatt of peak load will naturally vary between 
wide limits according to the load factor and the price for current ; it 
may be anything between £4 and £10, but taking even the lower 
figure, a discount of 5 per cent will provide то per cent for interest 
and sinking fund on the customer's outlay. 

Phase-advancing by a loaded synchronous motor thus becomes a 
commercial proposition. It should be remembered that the power 
company has in supplying the additional power no other expense than 
that incurred for fuel and water, and it could therefore well afford to 
give a greater discount than 5 per cent ; but as that is about the lowest 
figure which will tempt the customer to incur the additional expense 
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and the somewhat more complicated operation of the motor as regards 
starting, and as a suggestion is made later in this paper for a method 
of metering which works out to about the same discount, this discount 
of 5 per cent may be retained as fair to the customer and very favour- 
able to the company. 


PHASE-ADVANCING APPARATUS APPLIED TO INDUCTION MOTORS. 


We have so far only considered the case that a leading current is 
directly injected into the line; but it is possible to obtain phase 
advancement by injecting a leading E.M.F. into the secondary of an 
induction motor. This must necessarily react on the primary and thus 
reduce the original lag in it; and if carried beyond the requirements 
of the individual motor it may even produce a leading component of 
the current taken by the motor and so improve the power factor ot the 
system as a whole. 

Professor Miles Walker has read two papers * descriptive of phase- 
advancers designed by him for this purpose. and I have published a 
general theory of the subject in the Electrician} It will therefore not 
be necessary to enter either into the description or the theory of such 
apparatus ; but as this paper is mainly concerned with the commercial 
aspect of phase-advancing it will be useful to draw from the general 
theory of phase advancers those conclusions which affect morc directly 
the cost and efficiency. 

Let the half-circle in Fig. 4 be the locus of the upper end of the 
primary current vector, and assume for the sake of simplicity that the 
stator and rotor have the same winding. Then E D is proportional to 
the secondary current, and E M is proportional to the slip-ring voltage 
with the secondary open. The voltage lost in the rotor, the so-called 
slip voltage, may be measured off from E along E M, but for clearness 
to a larger scale. Let this be E R; I R, where I = E D, and R, is 
the resistance of one rotor phase. The torque given by the motor is 
proportional to the height of D above the horizontal axis, and since the 
slip is small, this may also be taken as approximately representing the 
power. All this refers to the motor working alone. 

If now a phase advancer Бе added and if its action is such as to 
make the power factor unity, then the point D must for the same load 
move to А, thereby reducing the primary current, but increasing the 
secondary current, so that the ohmic rotor loss is increased by R.R. 

The phase advancer has a resistance p, and to overcome this an 
ohmic loss p I = К, S is incurred. The slip voltage must therefore have 
a power component ES. It must also have a wattless component, 
namely, that represented by the difference of the E.M.F. introduced 
minus the E.M.F. of self-induction lost in the phase advancer itself. 
Let S L represent the latter and L B the former, then the wattless 
component of the slip voltage is SB. "This combined with E S gives 


* journal of the Institution of Electrical Engineers, vol. 42, p. 599, 1909, and vol. 50, 


P- 329, 1915. 
1 Electrician, vol. 69, pp. 222 and 272, 1912. 
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the total slip voltage E B, which is obviously greater than E К. This 
means that by using a phase advancer the natural slip is increased. 
The rating of the phase advancer as a generator, and therefore its 
cost, are obviously proportional to its volt-umpere capacity, i.e. to the 
product of EA and L B. EA is given by the load, and is therefore 
fixed, but L B is to a certain extent in the hands of the designer. If he 
designs his motor for a small natural slip and uses a phase advancer 
having small ohmic and inductive losses, then L B will be small, and 
the cost of the phase advancer will also be small. If the natural slip of 
the motor is large, then the phase advancer becomes more expensive. 
It should be noted that for the sake of clearness it was necessary to 
exaggerate the length of the lines R, R, RS, апа SL. In reality the 


FiG. 4. 


ohmic loss in the phase advancer need not be more than one-tenth that 
in the rotor, whilst the inductive drop is also very small, and in some 
cases negligible for the same reason that the inductive drop in the 
rotor itself may gencrally be neglected. We may then consider ES to 
represent the natural slip voltage augmented by 10-20 per cent, and 
S B the injected E.M.F. 

From these relations it follows that a small natural slip is of far 
greater importance than a large natural power factor. With an in- 
creased power factor the point O would move slightly nearer to E, and 
the primary current would lead slightly. If, on the other hand, the 
natural slip could be halved, the triangle ES B would shrink to half 
its size, so that the E.M.F. introduced need only be half the former 
value, and the k.v.a. output which must be given by the phase advancer 
would be halved. 
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If, then, an engineer is called upon to design a motor to work with 
a phase advancer, he should aim at a small natural slip, even at the 
cost of a somewhat reduced natural power factor ; he will thereby get 
a cheaper motor and also a cheaper phase advancer, so that the cost of 
the set capable of giving unity power factor need not be greater than 
the cost of a motor designed to work alone. But in the latter case the 
power factor cannot be much over о'9 ; so that the unity power factor 
is practically obtained without extra expenditure. 

This theoretical conclusion is borne out in practice. In my 
laboratory at the Birmingham University is a Brown Boveri induction 
motor of 25 h.p. fitted with a Scherbius phase advancer. At full load 
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the set has unity power factor, and its efficiency is 88 per cent. The 
synchronous speed is 1,000 revs. per minute, and the weight is 8oo lb. 
The figures, 1,000 revs., 25 h.p., and 800 lb., agree fairly well with good 
English practice for induction motors having at full load a power factor 
of o'9, so that in the case here cited the improvement of power factor 
is indeed obtained without any increase in material. 

In Fig. 4 the semicircle is the locus of the primary current of the 
motor working alone, and the larger circle is the locus of the primary 
current if the phase advancer is added. This statement, however, 
carries with it the assumption that the magnetic flux in the phase 
advancer is strictly proportional to the rotor current; in other words, 
that the part which in the phase advancer performs the function of 
a field magnet is worked well below saturation. If, however, saturation 
sets in at higher loads, then there is no longer simple proportionality 
between the injected E.M.F. and the rotor current, so that at heavy load 
the line E B becomes less inclined, and the centre С of the larger circle 
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lies lower. ‘This is rather an advantage than otherwise, because it 
enables the designer to compensate at, say, two-thirds load without 
over-compensating at full load. In the Scherbius set above mentioned, 
the designer has made use of this saturation effect in order to raisc 
the power-factor curve at a reduced load above what it would have been 
if for a power factor of unity at full load there had been strict propor- 
tionality between the rotor current and the injected E.M.F. 

Fig. 5 gives the results of a test. The dotted power-factor curve is 
calculated on the supposition that there is no saturation. The diagram 
also gives the- tests results as regards the primary and secondary 
currents, injected voltage, and slip. 

А test was made with the same motor and the phase advancer out 
of circuit. The results, as regards power factor, primary current, and 
slip, are given by way of comparison in the same diagram. Since 
the load of the motor is limited by heating, and this depends mainly 
on the primary current, it is obvious that the motor when deprived 
of its phase advancer cannot give the same power as with a phase 
advancer. Hence the curves are not carried as far as with the 
phase advancer in action. I am indebted to Mr. С. A. Shearing, M.Sc., 
for his assistance in making the tests and plotting the curves. 

The distinguishing feature of the Scherbius phase advancer is the 
absence of a stator. The machine merely consists of an armature and 
commutator ; but the winding, instead of lying on the circumference 
of the drum, is embedded in a circle of holes well within the external 
diameter of the armature plates, so that the iron outside the holes is 
available as an external path for the flux which passes through the 
winding. This flux is produced by the combined action of the three 
rotor currents. It revolves in space with the frequency corresponding 
to the slip. 

Let the total number of active wires be z, then 2/3 wires are allotted 
to each of the three phases. 


If— 
$ = flux in megalines, 
2 p = number of poles for which the armature is wound, 
== slip frequency, 
and— 
1 — number of revolutions per second at which the armature is 
driven ; 


then the E.M.F. injected (star value) is given for a wave- wound armature 
by— 
TET Ф a С =£). 
2 IOO f 

The term in brackets represents the relative speed between the slowly 
revolving flux and the quickly revolving armature. If the armature 
were driven at a speed no greater than that corresponding to the slip 
frequency, the E.M.F. would be zero ; and if the armature were standing 


1913.] KAPP: ON PHASE-ADVANCING. 255 


still, the E.M.F. would be negative, namely, that due to self-induction. 
This is the value corresponding to the length of S L in Fig. 4. 

In the Scherbius phase advancer mentioned above, the armature 
has a 4-pole wave winding, and the speed л is fixed by the slip, since the 
phase advancer is fixed to the shaft of the motor. By introducing the 
slip ø, and synchronous speed л,, the above formula may be written in 
the more convenient form— 


. 2 е 
е=оўФ Ls — 250). 


It will be seen that the term in brackets increases slightly as the slip is 
decreased by reason of the load being reduced. This means that 
the ratio of the injected E.M.F. to the flux isa little greater at light load 
than at full load ; and this circumstance, together with the effect of 
saturation already mentioned, is responsible for the difference between 
the actual power-factor curve shown by the full line in Fig. 5 and the 
dotted curve which has been determined on the supposition that there 
is no saturation, and that e is strictly proportional to I. 

When applied to large motors the phase advancer is not mounted 
on the motor shaft, but is a separate machine placed by the side of the 
motor, and driven from it either by belt or preferably by a small 
3-phase motor. The power necessary to drive the phase advancer is 
only that required to supply the friction, windage, and iron losses, 
but not the copper losses, since these are provided by the rotor. 

The phase advancer here described, as well as that which Professor 
Miles Walker has recently brought to the notice of this Institution, 
belong to what may be called the rotational type, because the leading 
E.M.F. is produced by the rotation of an armature in a magnetic field. 
There is, however, another principle which can be applied to phase 
advancement, viz. the free oscillation of an armature in a continuous- 
current field. To distinguish such a machine from the rotational type 
I call it a vibrator. 

M. Leblanc was the first engineer to call attention to both the rota- 
tional and the vibrating principles of phase advancement, and he has 
patented an apparatus under the name “recuperator,” in which the 
vibrating principle was used to produce phase advancement. The 
"recuperator" consists of a copper disc swinging within an annular 
unipolar field. The current flows through the disc radially between a 
rubbing contact at the centre and a mercury-trough contact at. the 
circumference. For this purpose the rim of the disc is bent down so 
as to dip all round into the mercury. To keep the field from oscil- 
lating, a second and fixed disc is placed parallel to the oscillating 
disc within the polar cavity, and so connected that the current flows 
through the two discs in opposite directions. 

To avoid the drawback of a mercury contact M. Leblanc has sug- 
gested as an alternative design the use of a Derozier disc armature ; 
but in every case he has laid stress on the necessity of keeping the 
swinging conductor as light as possible, and that therefore only the 
conductor and not an iron core should participate in the motion. 
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The author does not know whether the recuperator has found 
practical application, but he thinks it unlikely, because the disc form, 
although light, has far too great a moment of inertia, especially if, to 
avoid mercury contacts, it is adopted in the shape of a Derozier 
armature, because then the end connections on the outer circumference 
add materially to the moment of inertia without contributing anything 
to the dynamic effect. 

When the author designed his vibrator he was not aware of M. 
Leblanc’s recuperator, but he willingly acknowledged M. Leblanc's 
priority in having been the first to draw attention to the fact that phase 
advancement may be produced by making use of the physical principle 
that a leading E.M.F. is generated in an alternating-current conductor 
allowed to swing freely in a continuous-current field. 

Any continuous-current armature if traversed by an alternating 
current of low frequency will tend to vibrate, but with a machine of 
the usual proportions this tendency is too weak to be practically 
utilized. In order to get a serviceable phase advancer the armature 
must be bipolar, of small diameter and great length, the air-gap must 
be as small as mechanically: possible, and the saturation of teeth and 
core must be very high, not only because a strong field is desirable, 
but also to avoid unbalanced magnetic attraction, which with a small 
air-gap would be unavoidable if the teeth were only moderately 
saturated. The leading E.M.F. injected by the vibrator is given by 
the formula— | 


201 


where m = the mass of the armature in units of 9°81 kilograms reduced 
to its circumference, 
ф — the continuous-current field in megalines, 
7 — distance from wire to wire on the armature, 
w —2mf, the angular speed corresponding to the slip fre- 


quency f, 
and I the current in amperes. 


This formula may with sufficient approximation be also written 
thus— 


La: GVI 
t, — 01 Gp? 


where z —the number of active conductors, 
апа G D? = the flywheel effect of the armature in kilogram-cm.?. 


The output of each vibrator armature in volt-amperes is e; I, and 
this is given by— 
= 38 (лу 
УА = Gu (ФА) 


where A is the current density in effective amperes per centimetre of 
armature circumference. 


e 
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It will be seen that the magnitude of the injected E.M.F. is propor- 
tional to the ratio of current and slip frequency. Since this ratio 
decreases only slightly as the load decreases, the injected E.M.F. does 
not fall off proportionally with the load, but at a much lower rate, with 
the result that the effect of the phase advancer is relatively greater at 
low loads, and this is just what is wanted. 

It is especially at low loads where there is greatest need for im- 
proving the, power factor. This effect will be secn in Fig. 6, which 
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represents test results obtained with a vibrator made by the Sandycroft 
Foundry Company. (I am indebted to Mr. Hunt for these curves.) 
At one-quarter load the power factor is already 0°87, and at half load 
it is unity, maintaining this value up to full load and beyond. 

We have here the same ect as can be obtained in the rotary 
phase advancer by saturation, only in the case of the vibrator this 
effect is still more pronounced. Fig. 6 gives also the primary and 
secondary currents and the speed, both with and without the vibrator. 
It will be noticed that the effect of the vibrator is to decrease the 
primary current considerably and to increase the secondary current 
slightly ; this means on the whole a smaller copper loss in the motor. 

VoL. 51. 17 
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À photograph of this phase advancer is reproduced in Fig. 7. The 
three pairs of field cores and the common yoke frame are in one 
casting without any joints. The only machining required is the boring 
of the polar cavities and the facing up of the surfaces to which the 
bearing brackets are bolted. "The armature shafts are carried in ball 
bearings. The resistance of each armature hot is 0:048 ohm, and 
when the three armatures are mesh-coupled they can deal with a slip- 
ring current up to 120 amperes. The current in each armature is then 
7o amperes, and the ohmic loss in the winding 3:35 volts, to which 
must be added the loss by contact resistance of the brushes. This is 
small, since it is possible to use copper-carbon brushes. There is no 
sparking. When the current has crest value the armature is at rest, 
and when the armature has maximum speed and the frequency of com- 
mutation has maximum valuc the current is zero. At intermediate 
points there is some reactance voltage of commutation, but this is 
extremely small—only a fraction of a volt. The armature is 44 inches 
in diameter and its core 8] inches long. The vibrator was tested 
with a 6o-h.p. Hunt cascade motor having six pairs of tappings. As the 
vibrator has only three armatures it could only deal with half the 
secondary circuit of the motor. The improvement in power factor was 
nevertheless very marked. The power factor was raised at half load 
from 0°72 to o'gr, and at full load from o'81 to 0:93. 

The author is not able to give results from actual practice with 
a vibrator fitted to a large motor, because the small vibrator made 
by the Sandycroft Foundry Company for the 6o-h.p. Hunt cascade 
motor is as yet the only representative of this type of machine in 
this country. А continental firm is making onc for a 450-h.p. motor, 
but it has not yet been finished. The author has, however, made 
a design for a vibrator to be applied to the 800-h.p. motor of 
which particulars were given in Professor Miles Walker's paper,* 
and he finds that cach of the three armatures would be 13 cm. 
diameter and the length of core 33 cm. The armature resistance 
would be 72/1000 ohms, and a flux ф = 3°45 megalines would be 
obtained with a magnetomotive force of 6,700 ampere-turns. At full 
load the injected E. M.F. 15 23 volts. The excitation requires an expendi- 
ture of 7оо watts, and the losses in the copper and iron, in brush 
friction, and in contact resistance, come to 1,300 watts, making a total 
expenditure of 2 kw. for the vibrator, against which must be set the 
reduction of losses in the motor due to the better power factor. 

Fig. 8 gives the predetermined power-factor curve. The power 
factor of the 8oo-h.p. motor would with this vibrator be brought to 
unity at one-quarter load ; at half load it would be o'9 with a leading 
current; at full load it would be ооз with a leading current ; and 
at twice full load it would again be unity. Above this output the 
current lags with a power factor of 0'92 at treble load, when the limit 
of stability is approached. The weight of the vibrator is, as near as 


* Sournal of the Institution of Electrical Engineers, vol. 50, p. 329, 1913. 
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can be estimated, 18 cwt., and the floor space occupied is 18 in. by 
3 ft., the vibrator standing 3 ft. high. 

Whether a rotary or a vibrating machine be used as a phase 
advancer, the power to drive it is in either case very small, and will 
generally be more than covered by the reduced losses in the motor. 
The efficiency of any given motor, whether it works with or without 
a phase advancer, will thercfore not be appreciably altered. "There 
may, however, be a gain in the yearly energy cfficiency, as the usc 
of a phase advancer enables one to do with a smaller motor, since 
the overload capacity is increased. А smaller motor has smaller losses, 
and consequently the customer of a power company using his motors 
with a phase advancer attached will effect a certain saving in his bill 
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for current even if the power company does not grant a special 
discount for his taking current at a high power factor. 

Now how does the case stand with the power company? The cost 
for electrical energy generated and transmitted is made up of several 
parts, of which, however, only two need here be considered. One 
is the actual cost of generation, including a certain percentage of loss 
in transmission, and the other is independent of the amount of energy 
generated, but depends only on the cost of the plant which must be 
installed to provide the service. Part of the plant, such as the prime- 
movers, is only very slightly affected by the power factor ; but the 
electrical plant, including the line and step-down transformers at the 
customer’s end, is materially affected by it. The cost of the electrical 
plant is determined, not by the true power, but by the output defined 
in volt-amperes ; consequently it is only fair that a customer who takes 
his power adulterated by a large proportion of sin ¢ should in his 
payment for current recompense the company for the extra plant 


260 KAPP: ON PHASE-ADVANCING. (24th April, 


capacity necessary for the generation and transmission of wattless 
current. The customer should therefore not only pay for the true 
kilowatt-hours he takes, but also something for the k.v.a.-hours. 

This reasoning is the basis of a system of metering invented by 
Professor R. Arno, of Milan. He and Signor Conti, the engineer to 
several Italian power companies, investigated the cost of generation 
and transmission as affected by the power factor, and found that the 
cost may with sufficient accuracy for practical work be taken as 
proportional to the sum of two-thirds of the watt-hours plus onc-third 
of the volt-ampere-hours. Having settled this as a basis for charging, 
Professor Arno set to work to design a meter which will register 
according to this formula ; and he has also indicated a way in which 
any meter may be adapted to register two-thirds of the watt-hours 
and one-third of the volt-ampere-hours. 

In meters of the electrodynamic type where the moving system 
is a little armature traversed by a current in phase with the E.M.F. 
and the ficld is produced by the main current, a small lag is given 
to the armature current. In meters of the induction type where the 
moving system is a disc revolving under the combined influence of a 
shunt and main ficld, a smalllag beyond go degrees is given to the shunt 
field. The angle of lag in either case is so chosen that at the pre- 
dominant power factor the meter registers according to Professor 
Arno's formula. Thus for installations mainly supplying light the 
lag of the shunt current behind the E.M.F. is 5 degrees in dynamometric 
meters and 95 degrees in induction meters. The meter will then register 
with a negligible error at any power factor between г and o'85. For 
installations consisting mainly of motors the lag is 14 degrecsfor electro- 
dynamic and 104 degrees for induction meters. The extra lag of 14 
degrees may be produced by a slight alteration in the compensating 
coil of the shunt field. 

Professor Arno states that meters so adjusted may be used in cases 
where the power factor varies from o'5 to o'g. For large consumers 
where great accuracy in the metering is essential, two meters side by 
side may be installed, one registering kilowatt-hours and the other 
k.v.a.-hours. ‘The charge to be made to the consumer can then be 
calculated on the two-thirds and one-third basis, or on any other basis 
which may more nearly fit the special conditions of the power 
company's plant. 

It is of interest to inquire what saving a customer may effect in his 
current bill if he uses a phase advancer. Take a large customer using 
large and small motors with an aggregate power of r,ooo kw. and 
a power factor of 075. Since only the large motors can be fitted with 
phase advancers it will scarcely be possible to raise the power factor 
to unity, but a value of о'95 may be obtained if large motors aggre- 
gating 700 to 800 kw. are so fitted. With a load factor of 34 to 
35 per cent the yearly consumption will be 3 million kilowatt-hours. 
With 0°75 power factor the Arno meter would register 3} million 
units ; but after fitting phase advancers the meter would register only 
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37053 million units. With current at o'5d. per unit this makes а 
difference of about {боо in the bill for current. 

This, or something approaching this figure, represents the saving 
to the power company owing to their having to supply very little 
wattless current. If then this saving is divided between the company 
and the consumer the latter gets £300 as a return for his capital 
outlay on phase advancers. To provide such apparatus for motors 
aggregating 800 kw. would cost between £300 and £400, so that the 
phase advancers would prove an excellent investment for the 
customer, and be still more profitable to the company. The latter not 
only reduce their working expenses by £300 a year, but they also may 
increase their sale of current by taking on more consumers to the extent 
to which their plant has been liberated from wattless current. 


DISCUSSION. 


Mr. W. M. Моврет : I think this paper isa very useful and practical 
contribution to the treatment of a problem that has not received as 
much attention from engineers as it ought to have done. Iam sorry, 
however, that the author has dismissed the use of electrostatic con- 
densers as phase advancers. Ifeel a certain interest in that subject, 
and I read a short paper before the Institution in 1909 * to draw atten- 
tion to what seemed to me then—and still scems to me—to be the 
practical possibility of using electrostatic condensers for this purpose. 
I could not help thinking that as condensers were now made so cheaply 
and on so large а scale—I refer in particular to the Mansbridge process 
—that the time had come when we ought to be able to use them on 
power circuits. I would ask whether the subject has had adequate 
practical attention. I do not say that with such condensers everything 
can be done that is possible with dynamic phase advancers such as the 
author's, or Professor Miles Walker's, or the Brown Boveri phase 
advancer ; but certain things which are impossible with dynamic phase 
advancers can be done with condensers. The author in his comparison 
as to costs points out that the Miles Walker or Scherbius phase 
advancer would cost about £2 19s. per k.v.a., and although he does not 
gie us directly the figure for his own dcvice, I have calculated from 
some figures at the end of the paper that it is about 105. per k.v.a., 
which, of course, is a very great difference. I stated in my 1909 paper 
that Mansbridge condensers, that is to say, the cheap kind of paper 
condensers that are now made for various telegraphic and telephonic 
purposes in large quantities, could easily be made on commercial lines 
for 205. per k.v.a. Such condensers are made almost entirely for use 
on low-tension circuits. I imagine that the 20s. could be very consider- 
ably reduced now, and that possibly the price might come down to 
nearly Dr. Kapp's 10s. per k.v.a. The author, however, quotes Mr. 
Ashton as giving a higher figure— £ r'9—and as that is later than mine, 
it may be that my estimate requiresrevision. I should mention that my 


* journal of the Institution of Electrical Engineers, vol. 43, p. 618, 1909. 
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estimate was based on practical results that were then obtainable with 
low-tension static condensers. I assumed that high-tension static con- 
densers would be made by building up a number of low-tension con- 
densers in series, so that the strain per condenser would be the same as 
if the condensers were used on low-tension circuits. In any case, it 
would be interesting to compare the results obtainable by the two 
methods—with a vibrating or rotating machine, and with apparatus 
containing no moving parts and having a higher efficiency but with the 
disadvantage that it applies the correction to the system rather than to 
the motor itself. The point of Dr. Kapp’s and the other related devices 
is that so far as motors are concerned they act on the principle that 
prevention is better than cure; that is to say, the correction improves 
the motor and does not merely provide the leading current for a low- 
power-factor motor—and incidentally it enables a smaller motor to be 
used for a given output. 

There is one point in connection with these devices that is, I think, 
a little disappointing, although perhaps it is early yet to criticize. I 
refer to the fact that the slip is sensibly increased. Looking at Fig. 5 
on page 253, I see that the slip at about full load is very nearly 8 per 
cent, whereas without a phase advancer it is only 4 per cent. That 
may beunimportant for certain purposes, but for certain other purposes 
which I have in mind, and which probably other members have in 
mind, doubling the slip would often be objectionable. I was hoping 
that the author's device would give a better result, but on page 257 I see 
that we have practically the same thing. I hope the author may be able 
to tell us that there is some hope of avoiding this effect with devices 
otherwise so useful. I do not know whether the motor he has quoted is 
a very favourable example. I sec itisa Brown, Boveri induction motor, 
and that firm certainly knows how to make good machines, but an 
efficiency of 88 per cent for a 25-h.p. motor seems to me to be low—it 
compares unfavourably with even quite ordinary continuous-current 
machines. I think the makers of alternating-current apparatus should 
be able to do something better than that. 

Mr. A. W. AsHTON : As Professor Kapp has rather disparaged the 
use of the electrostatic condenser, I have obtained some information as 
to its use from the manufacturers with whom I am acquainted. It is 
three years since the electrostatic condenser was first used on any com- 
mercial scale for power-factor correction. In that case the condensers 
supplied were of 720 microfarads capacity, and they were supplied for 
improving the power factor of transformers which were running single 
arc lamps on an ordinary street-lighting circuit. They were supplied 
to Messrs. Oliver Arc Lamp, Ltd., and I believe have been used in 
North London in this way. Each transformer operates in connection 
with a ro-microfarad condenser, and there are 72 lamps on the circuit, 
the pressure of which is 420 volts, 5o periods. "This use of condensers, 
I believe, really followed on the reading of Mr. Mordey's paper. But 
apparently not very much has been done until within the last year, 


when the question of power-factor correction has again arisen. During 
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the last three years orders larger than that referred to above have been Mr. Ashton. 
executed by the Helsby works ; one of a total capacity of 850 micro- 
farads for a 550-volt, so-period circuit for a colliery in the Midlands, 
another for a colliery in Scotland of 1,730 microfarads, 550 volts, 
50 periods, and the third a much higher pressure condenser of 4 micro- 
farads for 7,000 volts, 50-periods, for the Midland Electric Corporation 
for Power Distribution. I think that alone shows that the electrostatic 
condenser cannot be regarded as altogether out of the running, 
because I think it will be found that no one firm has installed phase- 
advancing apparatus to the same extent as that. I have raised this 
question because of what Professor Kapp calls “the experimental 
nature" of the condenser. I have no personal interest in the question 
of power-factor correction, but it is really a point of great importance 
to engineers that they should disabuse their minds of the idea that the 
condenser, if properly made by a responsible manufacturer, is likely to 
break down. Out of all those condensers which have been put in use, 
and including also condensers totalling about 1,000 microfarads that 
have been applied to lighting circuits during the last two or three years, 
the manufacturers have never heard of a single case in which a break- 
down has occurred. I think that speaks well for the reliability of the 
electrostatic condenser. In regard to the cost of the electrostatic 
condenser, its use is largely confined to 50-period circuits, though 
there are cases in which it would pay to install such condensers on a 
25-period circuit. Obviously it is no use trying to apply the electro- 
static condenser to the rotor circuit of an induction motor ; it must be 
applied to higher voltage and higher frequency circuits. There are 
one or two other points in the paper in regard to which I think the 
advantages of the condenser may very well be pointed out. For 
instance, on page 244, the author distinguishes between two methods in 
which it is possible to apply power-factor correction, viz. for advancing 
the phase angle of the installation as a whole, and for individual motors. 
He then makes this astounding statement : “ The first case is obviously 
the only possible one if electrostatic condensers are to be used.” Tomy 
mind, actually the best and most satisfactory way of applying electro- 
static condensers is toapply them as closely as possible to the apparatus 
that has the low power factor. That can be carried down to a very 
fine subdivision, at any rate as low as motors of 5 h.p. The outstanding 
feature of the condenser, and the particular point in which it differs 
from most other engineering apparatus, is this, that the unit can be 
subdivided without appreciably altering the cost per microfarad, and 
also without changing the efficiency at all; and since it obviously 
follows that the greatest advantage in power-factor correction is 
obtained if the remedy can be applied at the seat of the evil, therefore 
where possible—and I believe it is practically always possible—electro- 
static condensers should be applied to individual motors of even 
comparatively small size. I am very interested in this paper because 
it gives data of the different types of rotary phase advancers considered 
from the point of view of cost. I want to point out how in one or two 
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cases the condenser would compare, at any rate on 50-period circuits, 
with rotary phase advancers. On page 245 it will be seen that the author 
has given an example of an idle-running synchronous motor which can 
be used to convert тоо kw. of electrical power at a power factor of 07 
to a power factor of unity; in doing so he says that power to the 
amount of 36 kw. would be liberated for sale. If a condenser at 
50 periods is applied for that purpose it will require, in order to 
improve the power factor from 077 to I, a capacity of тоо k.v.a., and at 
the cost which I have already stated, that means an outlay of £190 for 
condensers: these, moreover, would have a much higher efficiency 
than that of a synchronous motor. Comparing condensers with the idle- 
running motor—the author has not said that this is the best type of phase 
advancer to apply—it will be found that the cost of the condenser is 
exactly half the cost of the synchronous motor, and it would also be a 
much more satisfactory apparatus in every way. Another case which I 
have worked out is that mentioned on page 250, namely, a loaded syn- 
chronous motor. I do not wish to criticize this too strongly, but from 
a business point of view it seems to mc it would not do to leave out of 
account the cost of running, or the cost of the losses in this particular 
case. The consumer is asked to use this synchronous motor at a 
power factor of o'4 instead of an induction motor at, say, a power 
factor of about о'8; and he is offered certain inducements to do so. 
As the power supplied is metered he has to pay for every kilowatt-hour 
he uses, and therefore the losses have to be taken into account. I 
quite realize that in the case of an independent generating plant it is 
not always necessary to take account of the cost of the losses ; but 
where power is being bought through a meter it is always necessary to 
do so, if the losses amount to a considerable sum. We are discussing 
a 60-k.v.a. motor at a power factor of o'4. That motor will require 
over-exciting, and will also havea lower power factor, and consequently 
greater copper loss, because this consumer is asked to use his machine 
for supplying wattless power to other consumers. If the extra loss 
incurred, due to the fact that the motor is supplying wattless power to 
the line, is taken as about 2 per cent of the k.v.a. output, it will be found 
that this loss exactly counteracts the 5 per cent discount which is 
assumed to be the advantage the consumer is going to obtain by 
spending an extra £50. Another point with regard to this particular 
case is the fact that, as the consumer is asked to do something, he will 
want a perfectly definite agreement with the supply company, because 
he does not want the supply company to alter their terms and reduce 
his discount when once he has installed the motor. If his agreement 
runs for ten years it is obvious that he must expect to repay his capital 
in that period ; this will therefore offset anothcr 5 per cent discount 
according to the figures given. It follows, therefore, that before the 
company obtain any interest on their capital, or anything to pay their 
customer for the extra trouble of running and starting up the phase- 
advancer part of his installation, they have to give the consumer a 
discount of 1o per cent. I notice that Dr. Kapp says that the 100 kw. 
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that is being corrected for power factor may be distributed among Mr. Ashton. 
neighbouring consumers ; if that is the case each consumer could be 
offered a tariff on the Arno principle, and they could be then encouraged 
to install other apparatus, suclr as condensers. I have worked out the 
cost on the supposition that this has been done. Taking тоо kw. 
improved from o7 to o'g power factor, which is the case the author 
deals with, it will be found that it takes 54 k.v.a. of condensers at a first 
cost of £103. The apparent saving according to the Arno meter will 
be found to be 11 kw., which, at 3,000 hours per annum and o':4d. per 
unit, amounts to £55 per annum. That £55 per annum would have to 
be distributed between the consumers and the supply company. But 
if, as the author has done, half is given to each, it will be found that 
the cost of the condensers could be repayed in four years ; and there 
is then no agreement, except the ordinary agreement, between the 
customer and the supply company as to the supply of energy. I do 
not wish to imply that the phase advancer is not suitable for certain 
cases; I think it 15 more suitable than the condenser in very many 
instances. I believe, however, that there is room for both, and that by 
properly understanding the different features of the two cases brought 
forward we shall be able to judge for what particular purpose each is 
most suited. 

Mr. H. W. BoswoRTH : On pages 243 and 244 the author deals with ЗЕРИ 
the rotary condenser, and reaches conclusions that appear to me to be а | 
little unfair to that machine. Не obtains an expression for comparing 
the total amount of plant that would be installed if a rotary condenser 
werc run with a generator, and the amount that would be necessary if 
the generating plant were made large enough to deal with the output 
at a low power factor. He gives the condenser current as I sin $, and 
then says that the voltage of the condenser has to be 30 per cent 
greater than the generator pressure, that 15, 1:3 times the voltage of the 
line. I fail to see how he justifies that figure. The internal voltage of 
such a machine will be about 5 per cent greater than that of the gene- 
rator, and the additional ampere-turns that are provided are needed to 
overcome the armature reaction of the machine at the power factor 
at which it is running. The generating plant with which he is com- 
paring it must have a generator designed for running at a power factor 
of, say, 0'8, and that machine will also require a large proportion of 
those extra ampere-turns to overcome its armature reaction ; conse- 
quently the comparison appears unfair. If a vector diagram be drawn 
for machines of normal proportions, it will be found that not more 
than a то per cent excess of ampere-turns is needed to reduce the 
power factor from o'8 to o'2 ; consequently the author has very much 
overestimated the excess in size of the condenser. In my opinion a 
more correct expression for the relation between the two arrange- 
ments would Бе 1:05sin ф + cos¢. Taking this expression, the example 
given comes out to approximately 45 per cent excess of plant for the 
combination as against the single machine, and this excess of plant 
does not represent excess of cost, as the rotary condenser can always 
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be designed to run at a high speed, and in many cases at a higher 
speed than the alternator with which it is being compared. The 
reason that I have criticized this point at considerable length is 
because the same basis of calculation is used in other places in the 
paper, and for the same reasons I cannot quite agree with the figures 
quoted by the author on pages 248 and 249, where hc compares the sizc 
of a machine used as a phase advancer with one used as a motor alone. 
I know that in practice it has been found that a machine used as a 
phase advancer and as a motor is about 45 per cent larger in capacity 
— that is in k.v.a. capacity—than the machine used as a motor alonc. 
This refers to a machine working at about 0:7 leading power factor, 
and consequently the figure of 45 per cent compares with 79 per cent 
given by the author. On page 247 the author refers to the starting of 
the Lancashire Dynamo and Motor Company's type of self-starting 
machine. There is a small inaccuracy in the description given, as the 
starting resistance of the rotor is not again inserted just before the 
exciter is applied. What really happens is, first the starting resistance 
is used as in an ordinary wound-rotor machine, all this resistance is 
cut out, and the next step then puts the exciter direct on to the rotor 
with a separate resistance in series with it. In the latest type of starter 
the whole operation is performed by one hand-wheel operating through 
a worm gear, so that it is practically fool-proof. The main switch and 
starter are interlocked, so that the machine has to be started up in thc 
correct manner and synchronized automatically ; the further operation 
of this wheel gives varying power factorsas required. On page 253 the 
author suggests that a phase advancer and a motor together should not 
cost more than an ordinary motor. It would be of great interest if hc 
could give us some figures of the actual cost of such machines, as in 
the only example with which I am acquainted the combination 
costs a great deal more than a single motor would have done. Perhaps 
I am prejudiced in favour of the self-starting synchronous type of 
machine ; it seems to me, however, that this type is more suitable for 
ordinary commercial use than the phase advancer, particularly as the 
author himself points out that it is not advisable to make the phase- 
advancing machine suitable for correcting the power factor of a 
number of machines, but rather to install a phase advancer for cach 
motor. Perhaps the author will be able to give us some further com- 
parative figures at a later date on the question of cost. As one of the 
unfortunate engineers who at times have to attempt to explain the 
advantages of these machines, and incidentally to sell them, I feel 
grateful to the author for having so strongly emphasized that the 
installation of such a machine is a sound commercial proposition, 
satisfactory both to the customer and to the power company. I can 
only hope that one of the results of this paper, following so closely on 
Dr. Rosenberg's paper, will be an increased use of machines for 
improving the power factor. 

Mr. F. CREEDY : Perhaps it is scarcely fair in discussing this paper 
to raise the whole question of, Which is the best type of apparatus to 


1913. ] DISCUSSION. 267 


use for this purpose? As, of course, Dr. Kapp is entitled to say that his 
paper relates entirely to his own type of apparatus. However, asa 
largc part of the paper is given to a general discussion of the advan- 
tages of phase correction, perhaps it may not be out of order to draw 
attention to one point in which, in my opinion, the phase advancer of 
the Miles Walker type, that is to say, one possessing a wound stator, 
is superior to a machine of the Scherbius type, or, perhaps, the 
author's: A machine of the Miles Walker type can be used by a 
slight displacement of the brushes for adjusting the slip; that is to 
say, it сап be used to reduce the slip artificially, and even to reduce 
it to zero. The way in which I prefer to look at this question is as 
follows :— 

All these phase advancers are series machines. Іп a series machine 
running at constant speed the voltage is proportional to the current. 
That is to say, it bears the same relation to the current as the voltage 
across an ordinary resistance does, but the voltage may have the same 
direction or the opposite direction to that across a resistance. A motor 
may be regarded as a positive resistance, and a generator as a negative 
resistance. The Miles Walker phase advancer, with the brushes set in 
such a way that the machine generates a certain amount of power, can 
be treated to some extent as a negative resistance partially balancing 
the rotor resistance of the main motor, and in that way it may be used 
to reduce the slip. Another way of regarding the matter is to look on 
the phase advancer as a series booster, raising the rotor voltage a 
little in proportion to the load. The phase advancer may not only 
be used to reduce the slip to zero, but it may even make it negative 
if desired, thus realizing a machine in which the speed rises as the 
load increases. This action is cxactly the same as differential com- 
pounding in continuous-current motors, and it is well known that a 
series booster may also be used for compounding a continuous- 
current machine. On page 252 Dr. Kapp draws attention to the 
importance of a small slip. This is very true. I think a much larger 
natural slip may be used by employing a wound stator than by 
employing a machine which is incapable of generating mean power. 
Perhaps it would be going rather too far from the subject to introduce 
the question of shunt phase advancers. I should like to ask the 
author why it is that everybody seems to develop a series type of 
machine. The shunt type is capable of improving the power factor 
at no load, while the series type, unless with a wound stator, is 
incapable of producing any effect at no load. In the shunt type it 
is possible entirely to abolish the wattless component of the no-load 
current on exactly the same principle as the compensating com- 
mutator three-phase motor which was originally invented, I believe, 
by Mr. Heyland. In fact, one may regard a shunt phase advancer 
as simply consisting of the main motor with its commutator re- 
moved and placed on a small auxiliary motor with a reduced number 
of poles. 
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theory of this phase advancer invented by Professor Kapp. The 
equation on page 256 of the paper is of the form :— 


I 

гек 

In other words, it is an equation of the same form as that for an 
ordinary electrostatic condenser. It appears to me that a modification 
of this arrangement can be used to enable Professor Kapp to get a 
bigger angle of displacement. I take it that what the machine really 
suffers fromat present is that at the higher frequencies it is impossible to 
get quite a large enough angular movement so as to generate a large 
leading electromotive force to inject into the rotor winding. It is well 
known, taking the ordinary electrostatic condenser, that if one puts an 
inductance in series with it then there is a much greater electrical 
displacement in the condenser for the same potential difference across 
the mains; in other words, the condenser takes a very much larger 
current. The leading component of this current increases as the 
inductance is increased, nearly up to resonance if 


8 the losses in the inductance are small. 
b Now in Dr. Kapp's vibrator what is required is as 
c| large a mechanical displacement as possible, and 


we can obtain this if we arrange some mechanical 
spring tending to restore the vibrator to its mean 
position. If there is a loop of wire without 
mechanical control oscillating in simple harmonic 
motion in the air-gap, the forces due to change of 
velocity must be balanced by the force due 'to the 


N interaction between the current carried by the con- 
ductor and the magnetic field. If the loop oscillates 
Fic. A. between the positions aa andcc,thenat the moment 


shown in Fig. A the current will have its maximum 
value in the direction shown by the arrow, and only the force due to this 
current is available to accelerate the loop in a clockwise direction ; but if 
there were a spring control acting to bring the loop to the position b b, 
the current required would be much less for a given displacement, or 
the displacement would be greater for a given current, and the vibrator 
would be able to inject a larger E.M.F. into the rotor circuit of the 
induction motor. In other words, what we have done is to compensate 
to a certain extent for the inertia of the armature, and in that particular 
case it is not so necessary to have the armature with such a small 
moment of inertia as the author has considered. Of course it would 
not be wise to make the control very strong, because supposing we got 
up to the mechanical resonance point it would act simply as a vibration 
galvanometer and only take enough power to overcome the losses. To 
prevent this we must only put on enough control to increase the 
vibrations to a certain point, and so that the current is always leading 
on the applied voltage. The trouble would be to get a strong enough 
spring to act as control. I do not think it is possible to get a mechanical 
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spring that will fulfil the purpose at all, but what we can do is use an air 
buffer. For a high frequency, especially, an air buffer is an extremely 
efficient spring. It is used to an enormous extent in the Willans 
engine, and most careful indicator diagrams show that the loss of 
power in a properly constructed air buffer is very small. It probably 
means that the type of construction would have to be altered quite 
radically in this instance, say from a rotating to a straight line motion. 
For a given armature, putting on mechanical control gives a larger E.M.F. 
for a given current, and therefore reduces the electrical * capacity " 
of the vibrator ; but this is an advantage if it is called upon to work on 
a high-frequency circuit. For a constant current, if constructed with- 
out spring control the movement of the vibrator would be proportional 
to 1/(Сч)”, and the change of flux due to the oscillation would become 
smaller and smaller compared with the change of flux due to the self- 
induction of the armature as the frequency increased, and thercfore 
electrical resonance would soon be reached. Above that frequency the 
vibrator would take a current lagging on the applied voltage ; but by 
putting in a suitable control the movement could be made as large as 
necessary and the current so maintained leading. I have used a spring 
control on an armature to find its moment of inertia. If one does not 
wish to remove the armature from the field magnets, all that has to be 
done is to fasten a strong lever to the armature and have this lever con- 
trolled by a suitable strong spring. By supplying the armature with 
low-frequency current from a separately excited rotary converter it is 
easy to arrange, by altering the frequency, to get mechanical resonance, 
i.e. maximum oscillations, for a given current. The moment of inertia 
of the armature can be calculated because the force for a given dis- 
placement can be found and the frequency measured. 

Mr. Н. M. THEAKER (communicated): As a three-phase system 
increases in size, the question of phase compensation becomes more 
important. In some stations it is necessary to run an extra generator 
to take the lagging current. I agree with the author that the best place 
for the compensator is on the consumer's premises containing the 
machine that produces the bad power factor. The vibrator seems to be 
a very practical solution for improving the power factor, and the author 
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has, I think, proved that it is a benefit not only to the power company | 


but to the consumer ; it gives the latter a cheaper and smaller motor 
for the required work, especially in the case of large powers. I should 
like to ask what would be the effect of putting a spring on the armature 
shaft similar to the balance of a watch? It would give the armature a 
natural period of vibration, and could it not be used to alter the power 
factor curve for a certain load (i.c. slip)? I should also like to know if 
it would be of any benefit at all. Professor Arno's arrangement is a 
very ingenious method of metering the power: may I suggest another 
method in which two meters are required. One meter registers true 
units (three-phase two element method), the other has the slow pliase 
reversed and measures W,—W,. Thus from the two meters we can 
calculate the average power factor at once. 
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Professor R. ARNO (communicated): I should like to make a few 
remarks in regard to the measurement of power in volt-amperes on 
alternating-current circuits. Some authors have suggested, and it has 
also been mentioned at international congresses, that volt-amperes 
rather than watts should be measured. I have devised a method of 
doing this for any plant, irrespective of the power factor. In this way, 
since the volt-ampere and watt readings are not equal, it is easy to 
measure a quantity which is their mean, that is to say, what I term the 
“compound load,” as defined in Professor Kapp's formula— 


t 
Cost =A] (a EI cos ? + b E I)df. 
o 


My remarks may be divided into two sections : I propose first to deal 
with the “ compound load.” 

With my new system of metering I can show that a total number of 
kilowatt-hours is obtained such that to determine directly from this the 
real value of the energy which has been supplied to the consumer а 
single charge can be made per kilowatt-hour, namely, the charge that 
could reasonably and equitably be applied if in the given installation the 
power factor could be left out of consideration. This comes to the 
same thing as saying that the powcr factor may be considered constant 
and equal to unity for a given installation. Continuous-current and 
alternating-current installations can thus both be treated in a similar 
manner, the metering of the energy can be simplified, and the arrang- 
ing of contracts between the supply authority and the consumer rendered 
easier. My new meters arc really only ordinary wattmeters and 
integrating meters, with the distinctive feature that the watts which 
they measure, or integrate over a given period of time, are charged 
automatically at unity power factor, regardless of the power factor of 
the installation considered. Since the supply authority bases its charge 
per kilowatt-hour on the assumption of unity power factor, the phase 
displacement of the consumer's load and the wattless or magnetizing 
current can both be left out of consideration when my new types of meters 
are used. With a “true power” meter the magnetizing current is not 
taken into account in charging for electrical energy, but with a meter 
registering the apparent power the current “in phase” and the current 
90 deg. out of phase are both taken into account in the charge for the 
supply. The basis of metering the electrical energy is— 


L = $ true power + 4j apparent power, 


L being what has been termed the * compound load." The object of my 
new type of meter is to record this “ compound load " by taking into 
account not only the true power but also the way in which the energy 
is utilized ; that is to say, to consider the useful current and the mag- 
netizing current in their proper proportions as affecting the cost. In 
applying this fundamental principle to the construction of “ compound- 
load " meters, two main types of load have to be considered, viz.— 
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Lighting installations, where the power factor may be considered 
as varying from unity to 0:8; and 

Power installations, where the power factor may be regarded as 
varying from оо to o'5. 


In the case of single-phase alternating-current installations, the 
* compound load" consumption of energy, as defined above, can be 
obtained in practice with sufficient accuracy by means of an ordinary 
meter of the electrodynamic or induction type, provided that care is 
taken to adjust the difference of phase y between the shunt-coil flux 
and the potential difference applied to the ends of the shunt-coil circuit. 
The values of y, for lighting and power loads respectively, are as 
follows :— 


Nature of Load. Type of Meter. 
Lighting, cos ф= 1 toot Electrodynamic, у = 5° 
Lighting, cos $— 1 {00:8 Induction, V = 95° 
Power, cos ф = 0'9 to 0'5 Electrodynamic, ф = 14° 
Power, cos ф = 0'9 to 0'5 Induction, y = 104^ 


It may be mentioned that any method of connecting up or of applying 
ordinary meters in the case of three-phase plant can be adopted with 
the Arno instruments for measuring “ compound loads,” because the 
difference is only in the value of V. Morcover, as is already the case 
for ordinary meters and measuring instruments, in order to obtain the 
desired phase displacement use can be made of the natural phase dis- 
placement іп a three-phase system. My system of “ compound-load " 
metering can be applied by simple calculation and at very small 
expense to all alternating.current energy meters, whether of the 
electrodynamic or induction type. In the electrodynamic type of 
meters the addition of a well-made and carefully calculated coil is 
obviously all that is necessary ; whilst in the induction type the result 
desired can be obtained very easily, without taking the meter to pieces, 
by merely displacing slightly or modifying one of its component parts. 
This method has already been shown in practice to be easily and 
quickly carried out and to cost very little. I may sum up by saying 
that as hitherto no technically accurate, reliable, and fair method of 
metering and charging for electrical energy has been available, recourse 
has been had to imperfect methods. The advantages of a system which 
without any adjustment takes into account any loss of power due to the 
phase displacement caused by a consumer's installation, are therefore 
evident. Such a system, in which there will be no discussion between 
the supply authority and the consumer as regards the tariff at different 
power factors, and in which the consumer is encouraged to increase the 
power factor of his machines, is made possible by using my instruments, 
which show at the same time the power factor, the true power, and the 
apparent power. 

I now propose to discuss my new voltmeters, phase meters, and 
* watt-volt-ampere" meters. These instruments have been designed 
with the object of showing the apparent power, i.e. the product of the 
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potential difference V and the current I, in an alternating-current 
installation. 

In the case of a single-phase installation the apparent power, namely 
V I, is obtained with sufficient accuracy by usingan ordinary wattmeter 
of the electrodynamic or induction type, provided that the angle of 
phase displacement y between the voltmeter flux and the pressure 
applied to the voltmeter circuit is varied. The respective values of y 
are as follows :— 


Nature of Load. Type of Instrument. 
Lighting, cos $— 1 too835 Electrodynamic, ү = 12° 
Lighting, cos ф = т to 085 Induction, Vy = 102? 
Power, cos ф —079 to 0'5 Electrodynamic, y = 42° 


Power, cos ¢=0'9 to 0°5 Induction, y = 132° 


My volt-ampere instruments can be used as measuring instruments 
and also as integrators for recording the product of apparent power 
and time (volt-coulomb meters). It is clear that if an ordinary watt- 

T ` 
M | that 
is, cos ф, immediately gives the power factor. In this connection it is 
interesting to note that by installing an ordinary meter and one of my 
integrator volt-ampere meters (volt-coulomb meters), the first gives— 


meter and a volt-ampere meter are used, the indication 
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and the quotient of their readings, viz.— 


the second— 
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nolonger gives the power factor of the plant but an “energy factor” ; 
this it represents very well, and much more so the mean total power 
factor of the plant for the time the latter is running. Similarly, by 
combining a volt-ampere meter and a wattmeter, a phasemeter is 
obtained, which can be arranged to give, indirectly with two readings, 
or directly with only one reading, the apparent power, thc true power, 
and the power factor. A recording instrument can casily be conceived 


having a clock movement which, drives the recording drum and also a 
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throw-over switch so that the instrument registers both the apparent 
and the true power. 


DISCUSSION BEFORE THE BIRMINGHAM LocaAr SECTION ON 
23RD APRIL, 1913. 


Mr. R. A. CHATTOCK : The apparatus described by Dr. Kapp should 
prove of very great value to supply undertakings which are troubled 
with a low power factor. Especially should this be the case where the 
distributing mains are of considerable length. The apparatus itself 
appears to be so simple and reasonable in cost that it would probably 
be to the interest of the supply undertakings to install it themselves in 
connection with large motors on their supply. In Birmingham the 
three-phase alternating current E.H.T. feeder cables which are used 
for supplying large power consumers are not of any great length. 
Most of these cables are run from the sub-stations belonging to the 
department, the sub-stations themselves being supplied through trunk 
feeder cables. The transforming machinery in the sub-stations, con- 
sisting as it does of rotary converters, is used for correcting the power 
factor, and in this way about two-thirds of the system is run at a power 
factor approaching unity. The short lengths of feeder cables supplying 
power consumers on which the power factor is not corrected are 
lightly loaded, and it would not therefore appear to be necessary to 
adopt any general method of phase-advancing on the consumers' 
premises, although isolated cases may arise in which this may become 
desirable. The system of metering described on page 260 is very inter- 
esting, but I am afraid it would be very difficult to explain to a con- 
sumer, and to convince him that he was paying correctly for the energy 
taken. There are several consumers on the Birmingham mains who 
insist upon having their own check meters in circuit with the Depart- 
ment's meters, and if the difference between such meters varied from 
month to month, due to a varying power factor, it would be very 
difficult to convince the ordinary consumer that there was not some- 
thing wrong. The difficulty would be analogous to the difficulty that 
is experienced in explaining to a lighting consumer the theory of the 
maximum demand indicator. 

Mr. A. M. TavLoR: I am particularly interested in one paragraph 
on page 250 which can be construed as follows : Dr. Kapp suggests that 
in the case where there is already a load of, say, 100 kw. distributed 
between various motors having an average power factor at the time of 
peak load of 077, we should add by means of power-factor-improving 
apparatus an additional 25 per cent, or 25 kw. ; this power-factor- 
improving apparatus to consist of a synchronous motor provided by the 
consumer and having large power-factor-correcting capacity. Dr. Kapp 
proposes that the consumer should spend £50, in addition to the outlay 
required for his own power, so as to obtain this power-factor-correcting 
capacity, and he suggests that if the supply authority will give a 
rebate to this particular consumer of то per cent off its fixed charges, 
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it will provide the consumer with a recompense which will warrant 
his incurring the extra capital expenditure. The consumer's debit and 
credit. account stands as follows :— 


Dr. To то per cent per annum on £50 outlay = £5 per annum 
to cover interest, sinking fund, and maintenance charges. 

Cr. By 5 per cent off fixed charge of {тоо per annum charged 
by supply authority (25 kw. at £4 per kw.) = £5 рег 
annum. 


The reasoning by which Dr. Kapp shows that the supply authority 
should allow the discount is as follows: The supply authority has no 
other expense to incur than that for fuel and water, the generators, 
feeders, sub-stations, and mains being already large enough to pro- 
vide the power (the total current being unaltered), and he suggests 
that as the supply authority gains a new 25-kw. consumer without 
any further capital outlay, it is greatly to the supply authority's 
interest to give the required discount. I think, however, that there 
is a fallacy in this reasoning, because in most, if not all, cases 
central-station engineers have already discounted for the power 
factor of their generators, and there is not the margin on the steam 
side, amounting to an extra 25 per cent, which Dr. Kapp's premises 
would involve. It is quite true that the electrical side will stand the 
extra power, but this represents, perhaps, in the case of a general 
supply in which continuous current is largely supplied from sub- 
stations, a matter of only about то per cent of the total capital outlay 
on the system. The supply authority would, therefore, have to face a 
capital outlay of something like 9o per cent of that spent per kilowatt 
on'its existing consumers, together with additional fixed charges due to 
the number of kilowatts of maximum demand being increased. The 
conditions under which it therefore obtains the new load are not very 
materially better than those under which it obtains its existing load ; 
and in addition, the small 4 per cent loss on the consumer's motor has 
to be paid for, whether by the consumer or the supply authority is not 
quite clear. It seems to me that this is a matter where in every case 
the engineer would have to decide as to whether the inducement was 
sufficient to warrant any special terms being offered. 

There would appear to be a discrepancy in the statement as to 
losses near the bottom of page 245, and possibly also in the table result- 
ing therefrom at the foot of page 245. Dr. Rosenberg in his recent 
paper* seems to give figures which differ from this. Dr. Rosenberg 
states that in order to improve the power factor from 0707 to o'8 
(corresponding with column 2 of Dr. Kapp's table) with a watt load of 
1,000 kw. we require a synchronous condenser able to give 250 k.v.a., 
and he suggests that the losses of this condenser will amount to то per 
cent of the rating of the condenser. Dr. Kapp, however, appears 
to allow that 4 per cent will be sufficient. From the consumer's point 
of view it seems to me that we require information as to the capa- 

* Fournal of the Institution of Electrical Engineers, vol. S1, p. 63, 1913. 
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bilities of synchronous self-starting motors, or of induction motors 
fitted with phase advancers, to start under very heavy loads. The 
information does not seem to be available in the handy form in which 
the central-station engineer can sce at a glance the inducements that 
the scheme offers to the power consumer. 

Mr. N. SHUTTLEWORTH : The question of power-factor improve- 
ment is being forced upon central-station engineers because of the 
rapidity with which existing cables are becoming overloaded, and in 
many cases the only remedy to save duplication is the adoption of a 
phase-advancing device. The author has given the costs per extra 
saleable kilowatt, first with synchronous motors running light, and 
second with loaded synchronous motors used also for the purpose of 
power-factor improvement. The relative costs are 67- Сто and £2 рег 
kilowatt respectively. I am able to add to these figures the cost of 
phase advancers for the same duties, and the variation is from rss. to 
£2 per extra saleable kilowatt, the cost of course depending upon the 
size of the motor to which the advancer is applied. It may perhaps be 
of more interest to the central-station engineer to know the cost per 
k.v.a. reduction in the wattless component of the power supply, so that 
the advantage may be calculated for any particular case ; these figures 
vary from 8s. to 25s. per k.v.a. corrected. I may point out that there is 
a limit to which the phase advancer can be pushed, if unnecessary 
expense is to be avoided. It is shown in the paper that the current 
carried by the rotor of the main motor and the advancer armature 
increases if the power factor is to be improved at any given load. A 
machine having a power factor of о'8 at full load requires an increase 
in the rotor current of approximately 13 per cent to obtain a stator 
power factor of unity. Now to produce double the correction on the 
supply system, that is, to cause the main motor to draw leading current 
at o°8 power factor, it is necessary to increase the rotor current more 
than 60 per cent. "This increase is not confined to the current through 
the advancer, but applies also to an even greater degree to the voltage 
to be generated ; thus while the improvement to the supply has been 
doubled, it is necessary to increase by much more than тоо per cent the 
capacity of the advancer, and also considerably to increase the copper 
in the main induction motor. It will be seen from this that it is not 
necessarily a paying proposition to use only one large motor on the 
system and to utilize it for drawing heavy leading currents for power- 
factor improvement. Generally speaking, the leading power factor on 
any one motor should not be lower than o'9 for good results. I am 
interested in the phase advancer of Dr. Kapp's design for a main motor 
of 800 h.p. Judging by the losses in the various parts, there seems to 
be much more copper on the stator poles than on the armature. I 
should like to know the approximate relative proportions. 

Mr. E. A. WarsoN : I was very much impressed by the Scherbius 
phase advancer described in the paper, as the idea of a machine which 
has no stationary part with the exception of the brush gear and an 
intangible flux fixed, or in this case slowly rotating, relatively to it, is dis- 
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tinctly novel, and seems to be capable of further development in several 
directions. For instance, if a machine built on these lines were pro- 
vided with slip-rings it might be used as arotary converter if continuous 
current were fed into the commutator, although it appears probable 
that there would be considerable difficulty in commutation. I do not, 
however, quite agree with Dr. Kapp when he states that the driving 
motor supplies the losses due to windage, friction, and hysteresis. The 
windage and friction losses certainly are supplied mechanically, but I 
do not see how the hysteresis or eddy-current losses can be. I believe 
it is an axiom in all revolving machinery that no mechanical torque can 
be exerted on the revolving member without a corresponding equal and 
opposite torque being exerted on a fixed member. In fact, this is 
simply Newton's Third Law. Now, any hysteresis loss, if supplied by 
the driving motor, implies the presence of a mechanical torque acting 
on the shaft, and this must be accompanied by an equal and opposite 
one acting on some fixed portion of the machine. As the only fixed 
portions are the brush gear and to some extent the surrounding air, it is 
not quite clear how this can exist. I am inclined to think that the true 
explanation is that these losses are supplied electrically through the 
windings of the advancer itself, as the following reasoning may 
indicate :— 

Consider for the sake of simplicity an armature constructed on the 
Scherbius system, and provided with two diametrically opposite brushes 
through which it is fed with continuous current. This will set up a 
flux in the armature which we may represent by the vector O À in 
Fig. B, and this flux will induce an electromotive force at right angles, 
represented by OB. If there is no hysteresis or eddy-current loss the 
voltage vector O B will be at right angles to the axis of the brushes 
which introduce the current, and the voltage O B will have no com- 
ponent either with or against this current. If, however, there is any 
hysteresis or eddy-current loss, the flux vector O A will be dragged 
round in the direction of rotation, and the voltage vector O B will move 
round to correspond. It will now have a component in the direction 
OA ; that is, the voltage required to drive the current through the 
armature, previously only equal to the I R drop, must now be increased 
sufficiently to provide for the hysteresis and eddy current losses. The 
same argument will, of course, hold in the case of an armature fed with 
three-phase currents at the slip frequency of the induction motor, 
the field due to the currents being dragged ahead by the rotation of 
the armature, and inducing a voltage in phase with the I R drop 
in the machine. 

I was much interested in the theory of Dr. Kapp's vibrator given in 
the paper. At first sight it seems that good results might be obtained 
by using a machine of this type directly connected to the supply ter- 
minals. The armature would then vibrate at such a speed as to produce 
an electromotive force which balanced the supply electromotive force 
impressed upon its terminals. In this case, as Dr. Sumpner pointed 
out, and as can be scen by inversion of Dr. Kapp's formula on p. 256, the 
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output would be proportional to the frequency of supply and also to the Mr. 
: ` : . Watson. 

flywheel effect of the armature, instead of inversely proportional as in 

Dr. Kapp's formula. The trouble with the arrangement, however, 

appears to be that it would be impossible by the interaction of any 

normal current and flux densities to produce forces sufficiently large to 

produce vibrations of any useful amplitude at a frequency of 50 or even 

25 periods per second. If such a machine were connected across the 

supply, it would either burn itself out in the attempt, or else the induc- 

tive drop in the armature would more than neutralize any phase 

advancement which could be obtained by the oscillations produced. 

One of the chief points of Dr. Kapp's arrangement of connections 

appears to be that although the vibrator only has to inject a small 
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electromotive force into the circuit, this is, as it were, magnified by the 
motor itself in approximately the ratio of 1/slip, and produces a vastly 
greater effect at the stator terminals. 

Dr. M. L. Kaun: Dr. Kapp's vibrator meets a demand which has Dr. Kahn. 
arisen within the last few years, as transmission lines and cables of 
some supply systems have been loaded up to their full capacity, due 
to the low power factor at which their load is taken. "The excitation 
of a synchronous motor requires only a few per cent (in large units 
I or ? per cent) of its output, and the excitation current is conveyed 
to such motors by short low-voltage leads. In the case of induction 
motors which are connected to a high-tension power transmission, the 
excitation has to be provided from the main station. It is produced 
at the full voltage of the supply, and if one assumes a low-speed high- 
tension motor with a power factor of o*8, the kilovolt-amperes required 
for excitation are 75 per cent of the kilowatts of energy transmitted, 
and the line losses on the transmission are increased by 53 per cent 
above the losses due to the “watt” current. The arrangement devised by 
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Dr. Kapp reduces the kilovolt-amperes required for excitation approxi- 
mately in the ratio of slip to full speed, as the excitation is not supplied 


_ to the stator with the full voltage, but to the rotor with a voltage of the 


order of the slip voltage. This exciting current is conveyed to the motor 
by some short low-tension leads. It can be seen from this that by 
Dr. Kapp’s arrangement the kilovolt-amperes required for excitation, 
and the distance which the exciting current has to travel, have been 
reduced to a small fraction of the values which are necessary in the 
case of ordinary induction motors. The induction motor is thus 
brought into line with the synchronous motor as far as the excitation 
is concerned—the phase advancer taking the place of the exciter— 
without the disadvantages of low starting torque and synchronizing 
difficulties. Moreover, the apparatus invented by Dr. Kapp requires, 
if anything, less attention and is less likely to get out of order than an 
exciter of a synchronous machine. In considering the cost of the 
apparatus, it must be taken into account that the size of the induction 
motor can be materially reduced if a phase advancer is added. The 
reasons of this are as follows: (1) the stator has only to carry the watt 
current, and the heating in this part is materially reduced ; (2) the over- 
load of a motor of a given size is increased by attaching a phase 
advancer ; (3) the increase of rotor current due to the exciting current 
in the rotor does not affect the design materially, as the rotor of an 
induction motor usually works well below the heating limits. Con- 
sidering the case of a 1,300-b.h.p. induction motor which was made 
some years ago, and was wound for 8,000 volts, 50 periods, 272 revs. per 
minute, with a power factor of 0'82, it was found that by designing the 
machine for use in connection with a phase advancer, the diameter of 
the machine could be reduced 15 per cent, and the weight of the 
punchings from 74 to 54 tons. This saving of material was effected 
without increasing the loading of the material, ғ.е. the loss per pound 
of material. The losses in the motor itself are slightly reduced, which 
makes up for the losses in the phase advancer, so that the total energy 
consumed is not increased. For small motors the conditions are of 
course not so favourable, but in the case of motors above 200 h.p. the 
phase advancer offers a very attractive proposition. 

Mr. К. ORSETTICH: This paper deals with a problem of great 
practical importance, affecting to a great extent a large number of 
small installations which were carried out several years ago, and the 
majority of which were not designed with a view to the expansion that 
took place later. The power factor of the motors is very seldom taken 
into account in installing plants of this kind, and it is very seldom 
realized that small motors running at low specds have generally a power 
factor below 0:8, especially as they are mostly run below their full-load 
rating. The result is that with plants of this kind, mainly in mines, 
collieries, and works, it is found that after a time it is necessary to lay 
new cables in order to cope with the larger current than was expected 
from the power consumed. Apart from the question of the cost, the 
laying of such a cable requires considerable time, and very often it is 
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impossible to install the cable when the addition of one or two motors M 


to the existing plant becomes urgent. In plants of this kind the phase 
compensator described by the author would be of great advantage, 
especially if this compensator need not be designed strictly to suit опе 
particular machine, but can be made for any standard motors, and 
installed where and when required. Large municipal plants are not 
affected to the same extent ; first, because they are always originally 
designed on more liberal lines, and further because municipal author- 
ities, being usually very lavish in. their expenditure on the plant, do not 
mind installing machines capable of dealing with 30 or 40 per cent 
excess of wattless current. The adoption of synchronous motors to 
overcome part of this difficulty has been proposed and considered in 
many plants, but the difficulty of starting these machines without 
excessive current is very great, and this fact was detailed in the paper 
by Dr. Rosenberg which was read a few weeks ago. If anything, 
Dr. Kapp's view of this type of machine is too favourable. 

A phase advancer either of the Scherbius or Kapp type enables an 
ordinary standard motor to be installed, with the only difference that 
no short-circuiting gear can be used, as the slip-rings have to carry the 
current of the compensator. Both these phase compensators have 
the disadvantage of requiring commutators, through which the rotor 
current must pass. In the Scherbius compensator the whole of the 
current of the rotor has to pass through one large commutator, fitted 
with three or more sets of brushes. In the Kapp system the current is 
divided between three small commutators, which can be connected in 
mesh, thereby reducing the current per commutator to about бо per 
cent of the current per phase. The Scherbius compensator is usually 
driven by a separate small motor, and this corresponds approximately 
to the expenditure of a small separate exciter, which has to be fitted to 
the induction motor when using the Kapp compensator. Tlie advan- 
tage of the Kapp compensator, compared with the other type, consists 
mainly in the fact that it runs at very low speed, also that the commu- 
tation is better, as the voltage can be kept low and the maximum 
current only occurs at the moment when the voltage is reduced to zero, 
and vice versa. The only drawback appears to be the fact that the 
copper losses in the rotor of the main motor must be kept rather low, 
compared with a standard motor, but this in itself is not a serious 
matter, as the saving in the size of the compensator can easily balance 
this extra expenditure. The figures taken from examples of actual 
machines tend to show that it is quite possible to put forward an 
induction motor of the standard type, fitted with a small exciter and 
an independent phase compensator of the Kapp type, against the cost 
of supplying a synchronous motor of the standard type fitted with a 
starting motor and a small exciter. The price of a synchronous self- 
starting motor which is arranged in such a way that the current 
at starting does not exceed the full-load current by, say, 50 per cent, 
with full voltage applied at the terminals, is much higher, and will 
easily decide the selection in favour of a plain induction motor 
with a compensator. 
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Dr. W. E. SUMPNER: I should like to mention that Mr. James Swin- 
burne was the first to suggest using a magnetic vibrator as an alternating- 
current load taking a leading current. The arrangement—which Mr. 
Swinburne called an electromagnetic condenser—was not commercially 
practicable owing to the high frequency of the currents then used, and 
even nowadays with circuit frequencies of 25 cycles per second such a 
vibrator would be too expensive. Dr. Kapp's device is possible com- 
mercially because he utilizes the low frequencies of the rotor currents. 
It can be shown that the number of volt-amperes per phase taken by 
the Kapp vibrator is given by 

(Ivy 


K w’ 


wherc I is the rotor current in amperes passing into the vibrator arma- 
ture; v the voltage generated in this armature if run at unit spced 
(one radian per second) ; K the moment of inertia of the armature ; and 
w=2 x сї, where f is the circuit frequency and eis the slip. The numer- , 
ator of the fraction is a constant for a particular armature since the 
allowable current I'is inversely proportional to the number of con- 
ductors determining the voltage v. Hence to increase the volt-amperes 
it is necessary to keep the values of K and w small. The importance of 
the smallness of the slip frequency e fis twofold. It not only increases 
the capacity of the armature in volt-amperes, but also reduces {һе 
number of volt-amperes needed for compensation. Professor Miles 
Walker and others have pointed out the advantage of placing the com- 
pensator in the rotor circuits instead of in the stator circuits. Thus, if 
1,000 volt-amperes are nceded to compensate the stator, the number 
needed for the rotor is only 1,000 e, where е is the slip. Dr. Kapp 
not only uses this principle, but he has designed a vibrator of 
which the capacity in volt-amperes is inversely proportional to the slip 
frequency : hence the commercial possibilities of the device. 

Mr. A. R. EvEREsT: There is certainly a large field for devices 
which will overcome the low power factor inherently associated with 
certain classes of load. As soon as the induction motor became popular 
many years ago, engineers began to study means by which it could be 
made to excite itself without taking wasteful lagging currents from the 
supply system ; and while various devices have bcen proposed from 
time to time, they have not till recently taken a commercially successful 
form. Юг, Kapp's vibrator is a particularly interesting development. 
Some twclve years ago Mr. Swinburne showed that a wound armature 
would oscillate if supplied with alternating current while in a constant 
magnetic field, and that due to this inertia effect of the armature the 
voltage generated by this movement had the same phase with respect 
to the current as would be given by a condenser. He called it a 
“kinetic condenser." Being interested in condenser development 
at that time we made some experiments, and concluded that such a 
device was not commercially useful for the relatively high frequencies 
then prevailing. Dr. Kapp has found that for the very low “slip” 
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frequency of an induction motor secondary the device is quite feasible, 
and he has developed it in a very practical form. 

Referring to the remarks in the first part of the paper in regard to 
the use of an over-excited synchronous motor for correcting power 
factor, it is somewhat surprising to find the self-starting synchronous 
motor regarded as a comparative novelty. It is true there has not 
been much demand for self-starting motors of this type in Great 
Britain till recently, but in the United States they have been building 
self-starting machines for some years past. Dr. Kapp mentions two 
British firms now building such machines. To this may be added 
that the British Thomson- Houston Company also build self-starting 
synchronous motors, having even better starting characteristics (i.e. 
torque per ampere) than the corresponding sizes of squirrel-cage 
induction motors. These machines are started under the same con- 
ditions of load as the squirrel-cage motors, and with the same device 
to reduce the applied voltage at starting. No synchronizing is 
required, as the motor pulls into step when the field is excited. 
Such machines are well suited for use with a surplus of excitation, 
so as to take leading current and neutralize a bad power factor else- 
where. While for general service the induction motor will continue to 
be employed, with the auxiliary devices which are now available there 
appears no longer reason why such motors, at least in large sizes, should 
be allowed to spoil the power factor of the system. 

Mr. H. BENTHAM (communicated): After inspecting Dr. Kapp’s 
phase advancer I should like to know how he suggests obtaining 
the continuous-current excitation when a consumer is supplied with 
three-phase current only. Also with what success or otherwise can 
the advancer be applied to the rotor of a rolling mill motor with, say, 
a permanent slip resistance in circuit, such slip resistance to allow of 
from 10 to 15 per cent slip in order to take advantage of the flywheel 
effect for heavy passes through the mill ? 


DISCUSSION BEFORE THE NEWCASTLE LOCAL SECTION ON 
sth May, 1913. 


Dr. W. M. THORNTON: Dr. Kapp could not have come to a district 
where such a device was more needed. ‘There is probably no part of 
the world where phase advancers are more to be desired than on the 
North-East Coast. I leave the question open as to who is to take 
the first steps in installing them, but the average power factor of the 
district is not what it was, and perhaps the Supply Company may find 
it well to make the first move—or at least to suggest their use. The 
benefit is clearly mutual to the company and any consumer with a bad 
power factor. In some cases, shipyards for example, the average 
power factor a few years ago was about о:6, so that the figure Dr. Kapp 
has chosen to illustrate his case applies to such conditions. With 
regard to condensers, it is quite possible to use them, but it is an open 
question whether they are capable of hard industrial wear and tear. 
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At the bottom of page 252 Dr. Kapp refers to small natural slips, which 
brings to my mind the question of the Hunt motor, in which the slip 
is small; it seems to me that the combination of the Hunt motor and 
the Карр vibrator would be as good as опе could get. The two 
together, especially for supply systems, would be almost ideal at the 
far end of a long transmission line. With regard to haulages, I do not 
know how far a device of this kind can be applied to winding engines 
which have to start and stop frequently—in mining work it would be 
very useful if it could be applied. I should like to know whether the 
motor would be suitable for gear which has to start and stop frc- 
quently. It seems to me that the principle of the vibrator is a special 
case of Lenz's law making use of the inertia of the vibrator armature to 
obtain the correct phase position of the injected voltage to oppose the 
component of the rotor E.M.F. which is at right angles to the rotor 
current. The movement of a telephone diaphragm is a parallel case 
producing, as its does, an apparent capacity effect. With regard to 
Professor Arno's meter, the only point which occurs to me as likely to 
give trouble is the degree of accuracy obtainable. In the present case 
we are dealing with fairly large powers, and a temperature error of 
a few per cent might be possible between light and full load ; this 
would mask the advantage of the special arrangement. Dr. Kapp's 
suggestion that the supply company and consumer should share the 
cost of the installation and the benefit of a good power factor, will 
commend itself as reasonable, and I hope that we shall sec his inven- 
tion applied on a large scale, for the larger the motor the greater the 
advantage to be gained by the use of such a device requiring, as it 


. does, to be excited separately. 


Mr. T. CARTER: Two points occur to me. The first is that the 
vibrator must have continuous-current excitation. If the system 
already in existence is entirely alternating current, it is a serious 
difficulty if one has also to provide a continuous-current supply ; it 
is, in fact, an additional complication which cannot be ignored, and 
which would have to be explained away to a prospective customer. 
The second point is that the cost of the vibrator is bound to be con- 
siderable, but there is no indication in the paper of what it actually 
is. The size quoted for the 200-h.p. motor would probably cost some- 
thing like £60 or £70, and the cost of the motor would be about 
£200 to £300 according to its speed, so that the vibrator adds some- 
thing like 25 or 30 per cent to the cost of the motor. Iam open to 
correction on this figure, but its order of magnitude cannot be far 
wrong. Customers, as at present constituted, will not pay this extra 
cost, nor will the present supply companies bear the charge. I should 
like, therefore, to know who Dr. Kapp thinks should be responsible for 
providing the vibrator. 

Mr. J. WiLson: There is one point mentioned by Dr. Kapp in 
regard to the Scherbius phase compensator which I should like to clear 
up, namely, the pressure for which that type of compensator can be 
designed. He mentioned 3 volts as being the pressure of the com- 


1913.] DISCUSSION. 288 


pensator at Birmingham University; but this is very low, as the Mr. Wilson. 
maximum pressure for which they have been built is 30 volts. To 

show the effect of phase compensation in actual practice, it may be of 

interest to give particulars of two cases where Scherbius compen- 

sators are being installed in this country. 

In the first case, a rolling mill motor, of about 700 h.p. апа running 
at 150 revs. per min., was very much underloaded, and took about 200 
amperes on a 1,000-volt three-phase system, the power factor being 
approximately o4. When а Scherbius phase compensator was applied, 
it reduced the current to about 80 amperes at unity power factor, 
which made quite an appreciable improvement in the power factor of 
the whole system. A peculiarity of this case is that before the applica- 
tion of the phase compensator the current variations were hardly 
perceptible, while the actual load was varying all the time, but after 
the compensator had been connected the current was seen to vary 
with the load. The second case is that of a shipyard, where 270 horse- 
power is to be added to the present load of 1,800 amperes on a 440-volt 
circuit which has a power factor of approximately 0°65. In ordinary 
circumstances this would entail an increasc in the capacity of the sub- 
station transformers, and additional cables across the yard from the 
sub-station to the compressor house. Аз ап alternative, phase com- 
pensation was considered and finally decided upon. The scheme 
adopted uses three compensators : one on a 420-h.p. motor, advancing 
the power factor from 0°85 lagging to 0:82 leading, and the other two 
on two 150-h.p. motors, raising their power factor from o'65 to 
unity. The result is that the additional load will be carried with a 
reduction in the current from 1,800 to 1,620 amperes, the power factor 
of the circuit rising to approximately о'9. In both the above cases 
phase compensation showed itself to be quite a sound commercial 
proposition. 

Mr. W. T. Macca: In connection with Fig. д, explaining that a Mr ч 
motor for use with a phase advancer should be designed with a small ^^ 
slip rather than with a high power factor, is it correct to state that 
a high power factor is of very little advantage ? With the same 
injected E.M.F. the higher power factor causes the primary current 
to lead in phase, therefore a smaller injected E.M.F. will bring the 
power factor to unity, so that a smaller phase advancer will do the 
work.  Graphically the effect of an increased power factor is to move 
A (Fig. 4) to the right and therefore to move C, the centre of the arc 
E А M, downwards, thus reducing S B considerably. That is to say, a 
high power factor reduces the size of the phase advancer just as a 
small slip does—perhaps not to the same extent but sufficiently to make 
a high power factor decidedly advantageous. Another question to be 
considered is who shall pay for the apparatus, the supply company or 
the consumer? The consumers suggest that the supply company 
should, whereas the company's representatives seem to think that the 
consumer ought to do so. In the latter case some inducement should 
be offered to the consumer, since the company benefits by the improve- 
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ment of the power factor. One wav out of the difficulty is the meter 
invented by Professor Arno, and this seems to be the simplest and 
most satisfactory method. Temperature errors (mentioned by Dr. 
Thornton) will only affect this meter to th» same extent as they affect 
a meter of the ordinary kind. But the registration of such a meter is 
not exact over a wide range of power factors. About six years ago 
I worked out a number of figures for a meter in which additional lag 
(i.e , a lag additional to the normal 9o?) was given to the shunt current ; 
some of the results may be of interest at present. In the first case 
mentioned in the paper (a lag of 5°) the meter would register correctly 
at a power factor of о for Professor Arno’s method of charging 
(i.e. two-thirds of the kilowatt-hours plus one-third of the k.v.a.-hours). 
At unity power factor the error is less than 4 of one per cent, and at 
0'85 power factor it is about # of one per cent, that is to say, the errors 
are practically negligible. For the case of a meter for power factors 
from o'5 to og the errors do become of importance, as the following 
table shows :— 


Increase of Cost per Kilowatt-hour. 


Power Factor. | - я —M БЕС ЕЕЕ ЕЕЕ TONS ; Difference. 


By Ptof. Arno's Formula. | As Registered by Meter. 


Per cent. | Per cent. Per cent. 
O'9 3 6:6 2:8 high 
| | 97 143 10 U5 » 
| 06 222 | 2I'S 0*6 low 
05 333 28:6 36 , 


The above is for a lag of ro? (not 14° as stated in the paper). I 
should like to know whether Professor Arno has published a paper 
describing his method of metcring,.and if so, when and where? І do 
not agree with Dr. Thornton's parallel between the action of the 
vibrator and Lenz's law. As I understand it the vibrator necessarily 
produces a leading current just as a condenser does ; or to put it in 
another way, thc E.M.F. injected by the vibrator leads the current in 
phase whatever the power factor of the motor may be, lagging or 
leading. 

Mr. W. M. SELVEY : As mentioned by previous speakers, the supply 
company is affected by bad power factor, but not to the large extent 
that some remarks would indicate. Atthe power station a low power 
factor results in increased losses in the alternator, which is not a very 
serious loss; but often it results in running extra plant for the power 
output, which is more serious. A few figures will illustrate this. The 
extra loss on a large machine between unity and 0'75 power factor was 
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found to be 1:7 per cent of full-load output. Below this power factor 
an extra machine had to be put on for the same load, which on the 
steam taken was equivalent approximately to 11 per cent of the full 
load on one machine. The net difference in coal consumption between 
the cases of, say, 4 machines at 0'95 power factor and 5 machines fully 
loaded as regards k.v.a., say with 0'75 power factor, is of the order ot 
4 per cent. The squirrel-cage motor was a boon to the supply com- 
panies in the early days of electric power: now they are beginning to 
feel one of its drawbacks. Some speakers seem to think the consumer 
should be таас to pay for this, but unless he has an alternative choice, 
when purchasing plant, of taking good or bad power-factor plant, I 
think there are no grounds of dealing with him on the question at all. 
The matter must be covered by the inclusive price charged for power. 
It does, however, seem that in the future this alternative choice will be 
available in the application of the new self-starting sychronous motors 
which were discussed in connection with Dr. Rosenberg's recent 
рарсг.“ 

Mr. Е. О. Hunt: How are we going to persuade the Board of 
Trade in regard to the type of meter proposed? In connection with 
the vibrator, are the armatures connected in star or in mesh ? Another 
speaker mentioned that collicry load considerably lowers the power 
factor; I have heard quite recently of some big winding plants having 
a power factor even below o'5, and I think if that is the kind of plant 
that is being introduced, the supply company will have to think very 
seriously about phase advancers. 

Mr. J. К. BEARD : On page 250 а figure of £2 is given for the capital 
cost per kilowatt of saleable power obtained by phase advancing with 
a synchronous motor. It would be very interesting if Dr. Kapp would 
give parallel figures for the Scherbius phase advanccr and for his 
vibrator. 

Dr. G. Kapp (in reply): Mr. Mordey ascribed to me the estimate that 
the Miles Walker phase advancer costs £2 19s. per k.v.a. This is a 
mistake. I did not say that wasthe price of the Miles Walker apparatus, 
but that it cost £2 per k.v.a. if a synchronous motor was used as a phase 
advancer. Iam glad to hear both from Mr. Mordey and Mr. Ashton 
that condensers are in successful use. Mr. Mordey estimates their cost 
at £1 per k.v.a., and although Mr. Ashton did not mention their price 
he gave some particulars of their use. I do not want in the least to 
disparage condensers. The reason why I left them out of considera- 
tion was because I have had no experience of them. Mr. Ashton has 
now supplied some very useful information. He has mentioned that 
condensers are in use up to a size of 1,730 microfarads, which would 
correspond to about 120 k.v.a. [Mr. Аѕнтох : The figure is actually 
160 k.v.a.] That is quite a considerable power, but the important 
thing is that the motor cannot be improved by using condensers. If 
the motor has a small overload limit, this will not be altered if a con- 
denser is placed by the side of the motor. What the condenser 
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achieves is the improvement of the power factor of the circuit as a 
whole. I do not see why Mr. Ashton should be astounded at this state- 
ment. There must be some misunderstanding ; let me therefore explain 
by an example. Suppose that within the restricted space of this 
building motors of a total capacity of тоо kw. are installed and that phase 
advancers cannot be fitted to those motors, then either condensers or syn- 
chronous motors must be used. It is quite immaterial whether all the 
condensers are installed in one place or are distributed in groups near 
the individual motors. Iam also unable to follow Mr. Ashton's calcula- 
tion as to the power factor of the 60-k.v.a. motor. I say іп the paper 
that this motor would be loaded to 25 kw., and Mr. Ashton deduces 
from these figures a power factor of о‘. But power factor is not cal- 
culated from the size of a motor and its load ; it is calculated from the 
ratio of the kilowatts to the kilovolt-amperes. Calculated on the 
correct basis the power factor of this motor is 0°7 and not o4. I quite 
agree with Mr. Ashton, however,that the loss may with this k.v.a. capacity 
become a rather serious matter. I have estimated it at 4 per cent of 
the k.v.a. capacity, which would be in this case 2:4 kw. I quite see 
the force of Mr. Ashton's argument that this is a considerable loss, 
which one would gladly avoid. This is precisely the reason why one 
puts a phase advancer on an individual motor. In this way no extra 
loss of power is incurred, because the saving in the I?R loss in the 
motor pays for the small amount of power taken by the phase 
advancer. In Mr. Ashton's calculations with regard to the advantage of 
condensers I missed one point which is very important, namely, what is 
the efficiency of condensers? In other words, will the loss in the con- 
denser be less than 4 per cent, the figure I have taken for the syn- 
chronous motor? [Mr. MORDEY: o'6r per cent of the kilovolt-amperes 
is the loss.] [Mr. ASHTON: We have had some lower than that, 
namely, 0:3 per cent.| Shall we say as an average 4 per cent. [Mr. 
ASHTON : I think the loss would be guaranteed to be not greater than 0:6 
per cent.] That is very good. I am in favour of any means of advancing 
the phase, whether it is by means of condensers, static or dynamic, or 
the Miles Walker machine, or my vibrator, or anybody else's phase 
advancer. Ithink it is disgraceful that we should send through our 
cables hundreds of amperes which do no work at all. Mr. Mordey 
raised the question of the increased slip with the Scherbius phase 
advancer and also with my vibrator. Mr. Creedy has pointed out that 
the Miles Walker phase advancer can be arranged to correct com- 
pletely for slip, only in that case the phase advancer becomes a 
machine which absorbs power. Instead of taking electrical power 
from the slip-rings, it takes mechanical power from somewhere elsc. 
I have only dealt with phase advancers which inject electromotive 
force до degrees out of phase with the current. The objection to the 
increase of slip is not very serious. When looking at the diagrams in 
my paper it must be remembered that this phase advancer was not 
built for а 20-h.p. motor. It was built for one of Mr. Hunt's 6o-h.p. 
Cascade motors with a much higher resistance in the secondary, and 
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the effect on the slip is then very much less. If the phase advancer 
and the motor are really fitted to each other the slip would not be very 
much increased. I lay stress on the importance of a small slip, and it 
will be remembered that Professor Miles Walker in the example that 
he gave when he read his paper said the slip was only o'8 per cent. It 
is quite possible to build motors with 1 to2 per cent natural slip, which 
would be increased by adding a phase advancer or a vibrator to 1°5-3 
per cent. Isa difference of 1 per cent in the speed of a motor such a 
very. serious matter ? 

I cannot agree with Mr. Bosworth that only 5 per cent of excess 
electromotive force is required to drive the current through the 
armature. If it were only that, a short-circuit current equal to twenty 
times the full-load current would result. Motorsand dynamos are built 
now for a short-circuit current of three times the normal, which means 
that the induced E.M.F. must be at least 30 per cent greater than the 
terminal E.M.F. to drive a wattless and leading current through the 
armature. I have to thank Mr. Bosworth for correcting my description 
of the Lancashire system. Itis some time since it was shown to me when 
I was in Manchester ; evidently some improvements have been таас 
since then. Mr. Bosworth asked what will be the saving in the weight 
of the motor if a vibrator is used. I cannot give actual figures because 
the vibrator is a new apparatus, and only one has been made up to the 
present time. Опе for a 450-h.p. motor is in course of construction, and 
other firms are also making experiments, but they are not sufficiently 
advanced to enable me to give figures. In the discussion at Birming- 
ham one speaker said that by using a vibrator in connection with a 
I,300-h.p. low-speed motor the weight of the stampings could be 
reduced by 2 tons. 

One rather important matter in the comparison between over- 
excited synchronous motors and phase advancers applied to individual 
induction motors is the question of starting. If the ordinary induction 
motor is provided with a vibrator the motor is started in the usual way. 
The vibrator looks after itself. The motor can be started under full 
load, and no synchronizing is required. I learn now that there are 
some interlocking switches put in on the Lancashire arrangement, 


which shows that there is some necessity for care in starting the. 


synchronous motor, and it is very doubtful whether the motor can 
be started under full load. 

In reply to Mr. Creedy I believe that Messrs. Brown, Boveri have 
made a phase advancer in series and in shunt, but from Mr. Creedy's 
remarks I rather infer that he meant the Scherbius arrangement of an 
ordinary induction motor in connection with a commutator motor of 
smaller size in order to control the speed. This is a different class of 
machine altogether. My paper only deals with the series principle 
where the injector voltage leads the current by 9o degrees. 

The spring suggested by Mr. Irwin and also in the communica- 
tion from Mr. Theaker would have the desired effect, but: only 
at a fixed frequency. It would not be applicable to my vibrator 
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because the frequency of vibration must adjust itself to the slip 
frequency. Тһе combination of a spring and a mass might suit 
one particular frequency, but it would not fit any widely different 
frequency. There is, moreover, no песа for counteracting thc influ- 
ence of inertia. "The vibrator as now developed is not a large or 
expensive apparatus. For instance, three armatures of 11 cm. diameter 
and 24 cm. core-length would suffice for a 120-h.p. motor if the primary 
frequency is 50, and 180 h.p. if it is 25. 

Mr. Chattock mentioned that the vibrator should be of great valuc 
to supply authorities troubled with a bad power factor, and that in 
some cases it might be to their interest to install such apparatus at 
their own cost. Не also said that in Birmingham there is no need for 
any improvement in the power factor since that is already corrected in 
the sub-stations. Asa citizen and ratepayer of Birmingham I ought to 
feel delighted at this, but yct I think there is a fallacy underlying the 
argument. It seems to me that the fallacy lies in this, that Mr. Chattock 
assumes the phase correction effected by the rotary converters is 
obtained free of cost. Аз far as the continuous-current supply is con- 
cernéd this is truc. А rotary converter which takes current at unity 
power factor is cheaper in first cost and more economical in working 
than a converter which takes a lagging current ; but if it is desired to 
use the converter for correcting the power factor of those consumers 
who take alternating current, then it must be made larger and be more 
strongly excited and its prime and working costs must increase. "This 
extra outlay can be saved if the consumers can be persuaded to correct 
their individual power factors themselves. The objection against the 
изе of the Arno meter is of the same character as that raised against 
any differential tariff or the maximum demand indicator. There is 
undoubtedly a difficulty with the consumer, but where a system of 
charging is fair to both parties one stands on firm ground, and with a 
little patience in explaining the principle to a consumer it will be 
possible to convince him that he is being treated justly. If he installs 
a control meter, all the better. He will then see for himself that the 
use of a phase advancer is to his advantage. I cannot quite follow the 
argument of Mr. Taylor, which seems in its broad lines to come to this, 
that supply undertakers have no interest in a good power factor. The 
reason for this is that central station engineers have already discounted 
for the power factor of their generators and there is no margin of power 
in their steam plant. If that were really the case, then the power factor 
would have no influence on the cost of plant; but every electrical 
engineer knows that he has to pay more per kilowatt for his generators 
if he specifies that they must give the output at a low power factor. 
Moreover, Mr. Taylor's views are in contradiction to those of other 
speakers, who agree that a good power factor is desirable. Thus, Mr. 
Shuttleworth said that the question of power-factor improvement is 
being forced upon central-station engineers because cables are becom- 
ing overloaded. I quite agree with this speaker that it is not good 
policy to overdo power-factor correction in one large motor and leave 


1913. ] DISCUSSION. 289 


all the other motors as they were. It comes to this: in order to correct 
a bad power factor due to lagging currents one installs a machine 
(either aninduction motor and a vibrator or an over-excited synchronous 
motor) which has also a bad power factor, but this time due to a lead- 
ing current. This must necessarily increase the copper losses. For 
this reason it is much better to correct individually the power factor of 
all those motors where it is worth doing, but no more, or at least not 
much more, than is required for each motor. I think Mr. Shuttleworth's 
limit of о with the current leading is already too high ; anything from 
unity to 0'95 (leading) applied to individual motors will be quite suf- 
ficient to raise the power factor of the whole system to an acceptable 
value, without at the same time increasing the copper losses unduly. 

The difficulty Mr. Watson has in understanding how the hysteresis 
loss in the Scherbius phase advancer can be provided for mechanically, 
although there are no material poles fixing the field in space, will vanish 
if he considers that there is actually a field in space which is cut by the 
armature wires at a considerable speed. That this field is not fixed in 
space but revolves at a low speed does not alter the relation. To see 
this clearly let us consider a continuous current entering at one brush 
and passing out in parallel at the other two brushes. The armature 
gets a polar axis exactly in the same way as if external field poles were 
used. If then the armature is rotated some of the power will be used 
up in hysteresis losses. The field is, so to speak, tied to the brushes, 
and if an alternating current of low frequency is used instead of a con- 
tinuous current the field is still tied to the brushes, although slowly 
revolving. This is the main effect. There may be, as shown in Fig. B, 
a slight shifting of the magnetic axis due to hysteresis, and this may 
produce a small component of the E.M.F. of rotation which does oppose 
the slip-ring voltage, but that can only represent a very small fraction 
of the power used up in hysteresis, leaving the bulk of this power to be 
supplied mechanically. Let us look at the problem in still another way. 
Suppose the Scherbius armature were supported in ball bearings and 
traversed by the rotor current. We should then have a core placed in 
a slowly revolving field, and if the friction of the bearing were neg- 
ligible and the hysteresis effect very strong the armature would revolve 
with a speed somewhat less than that of the field, and in the same 
sense. In this case the slip-rings would actually supply power to the 
armature. The speed can, however, never be greater than that of the 
field. Now in reality the armature is driven by mechanical power at a 
much greater speed and also in the same sense asthe field revolves. All 
the power corresponding to this excess of speed must therefore be 
provided mechanically. 

In reply to Mr. Bentham, where no continuous current is available 
it must be produced by a small dynamo, which may be driven either by 
belt from some existing shaft or by a small three-phase motor. The 
exciting dynamo need only be a very small machine, its output being 
something of the order of { of 1 per cent of the power of the motor. 
When the vibrator is fitted to a motor having a large speed variation, 
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such as a rolling mill motor with a flywheel, it will not interfere with 
or materially improve the power factor during the periods of large 
slip, but during the period when the motor is running at increasing 
speed to store up energy in the flywheel it will improve the power 
factor. 

Dr. Thornton asked whether the vibrator could be applied to 
motors which have to stop and start frequently. During the start- 
ing period, when the rotor frequency is high, the vibrator cannot 
improve the power factor. The armatures would simply quiver, 
but not sensibly vibrate; and their presence would not make the 
power factor worse during this period, since the inductance of the 
armature is very small indeed compared with that of the motor 
winding itself. Moreover, during the starting period, say for instance 
during the time that acceleration takes place in a winding engine, 
a large and gradually diminishing resistance must be put into thc 
rotor circuit, and if the acceleration is to be kept constantly at its 
maximum the working point on the input circle would be kept at 
the same level; this means that the power factor during the whole 
of the accelerating period would be somewhere near its highest 
natural value. During this period the vibrator cannot improve the 
power factor or make it worse. If the vibrator is introduced into 
the circuit behind the starting switch it would take the place of the 
electrical centre of the starting switch and would then require no 
attention, coming into action as soon as the speed of the winding 
engine approached the normal running value. The vibrator would 
improve the power factor a little towards the end of the accelcrating 
period, and when the speed had reached its normal value the 
improvement would be such as to produce unity power factor or, 
if desired, a value slightly less than unity but with the current 
leading. Thus, although the power factor can only be improved 
over short periods of time, the energy factor taken over the whole 
day may be materially improved. By energy factor I mean the 
ratio between the kilowatt-hours and the k.v.a.-hours. 

Mr. Carter pointed out that the vibrator requires continuous- 
current excitation : so also does its rival, the over-excited synchronous 
motor, but with this difference that very much more exciting energy 
is daily required for a synchronous motor than for a vibrator. If 
continuous current is not available, an exciting set consisting of a 
three-phase motor and a continuous-current dynamo must be pro- 
vided; its output need not exceed 4 of т per cent of the total 
power of the motors fitted with vibrators. The cost quoted by 
Mr. Carter is about right. The cost of a vibrator depends largelv on 
the rotor voltage and the slip frequency; the higher the slip-ring 
voltage on open circuit and the smaller the slip, the cheaper will be 
the vibrator. Mr. Carter estimates that the vibrator will cost from 
25 to 30 per cent of the price of the motor; this may be quite correct. 
He also thinks that customers will not submit to this extra outlav, and 
asks, Who is to bear it? "This question has already been answered in 
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my paper. That customers will submit to an extra outlay for the sake 
of improving their power factor is shown by the fact that in many 
cases over-excited synchronous machines are used for this purpose. 
Here the customer not only submits to the extra capital outlay, which 
is greater than the 25-30 per ccnt Mr. Carter has estimated for 
vibrators, but they also submit to the far more important yearly and 
therefore ever-recurring outlay represented by the cost of current 
required to provide for the losses in these machines. In my paper I 
have estimated the loss at only 4 per cent of the k.v.a. capacity of the 
synchronous machine, but some of my critics have put the percentage 
higher. 

Mr. Wilson has mentioned several Scherbius phase advancers 
which he has installed in the Newcastle district, and I heartily con- 
gratulate him on his success. I feel sure that his customers will come 
to him again and bring others, for once the advantage of phase 
improvement has been demonstrated in practice in the striking way in 
which Mr. Wilson has demonstrated it, users of asynchronous motors 
will adopt phase advancers readily enough, for it is to their advantage. 

Mr. Macéall has pointed out that not only a small slip but also a 
high natural power factor tends to reduce the cost of the vibrator. 
This is true, but, as stated in the paper, the effect of a large slip is more 
strongly felt than that of a bad natural power factor. Moreover, the 
cost of the motor is not increased to the same extent by aiming at a 
small slip than by aiming at a high power factor. То reduce the cost 
of the motor and the vibrator it is therefore good policy to build the 
motor for a small slip and allow a rather bad natural power factor. 
As regards the errors in the Arno meter for power, if Mr. Maccall had 
calculated his table on the basis of an extra lag of 14? he would have 
found that the errors are very much smaller. Professor Arno has 
published the theory of his system of metering in the Proceedings of the 
Associazione Elellrotecnica Italiana and also in Lumiere Electrique. 

Mr. Selvey thinks that a self-starting synchronous motor is prefer- 
able to an asynchronous motor with a phase advancer. Possibly, but 
what about the many asynchronous motors already installed? He 
surely does not propose to scrap them, and if they are to be retained 
then the phase of the installation as a whole can only be improved by 
making the synchronous motors take a wattless and leading current 
component, involving an increased ohmic loss. The right policy is 
obviously to improve the power factor of individual motors. . 

Mr. Hunt referred to the star and mesh system of connecting the 
three armatures of the vibrator. As a general rule mesh connection is 
preferable, since the current to be passed through the brushes is less. 


There is generally no difficulty in winding the vibrator for the slip- | 


ring voltage. If in exceptional cases the slip-ring voltage should be 
abnormally high, then star connection may be employed. He also 
raised the question whether the Board of Trade might possibly object 
to the Arno method of metering, since this does not strictly speaking 
conform with the provisions of the Electric Lighting Act. When the 


Dr. Kapp. 


Dr. Kapp. 
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Act was drafted we knew little of the commercial importance of power 
and nothing about appliances for improving it. Now that these 
matters are beginning to acquire financial importance we may assume 
that the Board of Trade will adopt a reasonable attitude and not oppose 
a new method of measurement simply because it had not bcen foreseen 
years ago. 

Mr. Beard asked as to the price of the Scherbius phase advancer. 
I am sorry I cannot supply the information. The phase advancer I 
bought for my laboratory is a special experimental machine and its 
price would be no guide for estimating the cost of a commercial 
machine. 
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Fic. C.—Curves obtained with Kapp Vibrator connected to a 90-h.p. Holmes 
Motor. 


Piimary voltage = 2,650. Frequency = 4088. 
Open-circuit slip-ring E. M.F. = 540 volts. 
Synchronous speed = 408 г.р.п. Natural slip = 23 per cent. 


In Fig. C. the curves are reproduced which were obtained at a 
demonstration given before the Newcastle Local Section subsequent to 
the reading of my paper. The curves, although similar to those repro- 
duced in the paper, are of interest since they refer to a much larger 
motor, viz. one of до h.p. Iam indebted to Messrs. J. H. Holmes & Co. 
for placing this motor at my disposal, and giving me facilities for the 
demonstration. A similar demonstration, on a 40-h.p. General Electric 
motor, was given before the Birmingham Local Section. 
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Proceedings of the Five Hundred and Fifty-fifth 
Ordinary Meeting of the Institution of Electrical 
Engineers, held on Thursday, 1st May, 1913 
—Mr. W. Юоррел, F.R.S., President, in the 
chair. 


The minutes of the Ordinary Meeting held on 24th April, 1913, 
were taken as read, and confirmed. 


The list of candidates for election and transfer approved by the 
Council for ballot was taken as read, and it was ordered that it should 
be suspended in the Hall. 


A paper by Messrs. C. C. Paterson, Member, E. H. Rayner, M.A., 
Member, and A. Kinnes, B.Sc., Associate Member, entitled, “ The Use 
of the Electrostatic Method for the Measurement of Power” (see page 
294), was read and discussed, and the meeting adjourned at 9.55 p.m. 
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THE USE OF THE ELECTROSTATIC METHOD 
FOR THE MEASUREMENT OF POWER. 


By C. C. PATERSON, Member ; E. H. RAYNER, М.А., 
Member ; and A. KINNES, B.Sc., Associate Member. 


(FROM THE NATIONAL PHYSICAL LABORATORY.) 


(Paper first received 21st September, 1912, and in final form, 17th Sanuary, 
1913; read before THE INSTITUTION Ist May, 1913.) 


HISTORICAL. 


In 1872 Kelvin gave his account * of the historical development of 
electrometers and of the details of his own instruments ; and he divided 
electrostatic instruments into three classes—repulsion, symmetrical, and 
attracted-disc electrometers. The quadrant type falls in the second 
of these classes, and Bohnenberger’s electrometer seems to have been 
one of the most important of this class previous to the evolution by 
Kelvin of his own electrometers. Bohnenberger's instrument consisted 
of a gold leaf hanging between two metal conductors, between which 
a difference of potential was maintained by a dry pile, the leaf being 
normally connected to the centre of the pile. By inserting a source of 
E.M.F.between the leaf and the centre of the pile the electrical symmetry 
would be disturbed and the gold leaf deflected. Оп this principle 
Kelvin devised the divided-ring instrument, which led up to the 
quadrant electrometer. : 

In discussing the repulsion electrometers, of which the gold-leaf 
type is an example and an instrument of much importance at the 
present day in radiation research, it is interesting to note that Kelvin 
states “it is not necessary to explain any of these instruments minutely 
at present, as they arc, for the present at all events, superseded by the 
divided-ring electrometers of the third class." The insertion of the 
saving clause “ for the present at all events" is an instance of Kelvin's 
prophetic instinct, and his appreciation of the sensitiveness of an 
instrument which might in the future lead to its resuscitation as an 
instrument of precision. 

His first description of the divided-ring electrometer was published 
in 1857 ; but the instrument was rapidly superseded by the quadrant 

* Papers on Electrostatics and Magnetism, 1st edition, 1872, 2nd edition, 1884, 


р. 203. Macmillan & Co. Being abstracts from British Association papers dating 
from 1867. 
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electrometer. "This instrument, to which the replenisher and gauge, in 
itself an electrometer of the third class, had been added by 1870, has 
remained with but little change to the present day. In fact, its 
excellence in the early days of the accurate measurements of electricity 
has been somewhat to its disadvantage. It did not receive till com- 
paratively lately those small modifications at the hands of experimenters 
which evolution would naturally effect in the case of a less perfect 
instrument, or of one which had not all the weight of Thomson's name 
both as designer and maker. 

In its earliest form һе shows it with a single silk suspension and 
magnetic control. He soon found that in an electrical workshop the 
latter was impracticable for an instrument in which a constant zero was 
a necessity, and he substituted the very short bifilar suspension that has 
since been regarded as the standard design. This has been to the 
disadvantage of the instrument for general work. Though giving a 
perfectly definite zero reading, the control is in general excessive, and 
the instrument is much less sensitive than it need be. A much longer 
bifilar or a metallic torsion control would for many purposes have been 
preferable. 

The use to which Kelvin put the electrometer was chiefly for the 
measurement of potential such as that of a Daniell cell, and also for 
the study of atmospheric electricity. He states that an accuracy of a 
quarter of 1 per cent was obtainable in the measurement of such cells. 

Maxwell * gave the mathematical theory of an instrument such as 
an electrometer, in which the movement of a conductor forming a 
condenser with two fixed conductors is such that the rate of increase 
of the capacity of the condenser formed by the moving and one of the 
fixed conductors is equal to the rate of decreasc of the capacity of the 
condenser formed by the moving and the second fixed conductor. He 
shows that the deflection, assumed proportional to the torque, varies as 
(A — B) [C — 4 (A + B)], where A and B are the potentials of the fixed 
conductors, and C that of the moving conductor. "The failure of this 
formula when applied to the readings of an actual instrument was 
pointed out by Норкіпѕоп, | and in the later investigation of Ayrton, 
Perry, and Sumpner,{ it was found that the cause of the discrepancy was 
due largely to the particular design of the guard tube then used in the 
instrument. The modifications which have been introduced in later 
instruments, such as those designed by Orlich and Schultze,$ and by 
the authors, have been towards electrical simplicity ; and the apparent 
complications are due to the necessity of great mechanical perfection 
and of facilities for accurate adjustment. 

In a paper on the use of the electrometer, J. Swinburne || states that 

* Maxwell, “ Electricity and Magnetism,” vol. т, arts. 127 and 219. 

tJ. Hopkinson, “Оп the Quadrant Electrometer,” Proceedings of the Physical 
Society, vol. 7, p. 7, 1885 ; and Philosophical Magazine, vol. 19, p. 291, 1885. 

i E. Ayrton, J. Perry, and W. E. Sumpner, "Quadrant Electrometer," 
Philosophical Transactions, vol. 182, p. 519, 189r. 


$ Н. Schultze, Zeitschri/l sur Instrumentenkunde, vol. 27, p. 65, 1007. 
|| J. Swinburne, * The Electrometer as а Wattmeter,” Philosophical Magazine, 


vol. 51, p. 504, 1891. 
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the actual employment of the instrument as a wattmeter—an instru- 
ment to register the average value of the product of instantaneous volts 
and amperes—seems to have been independently suggested by Ayrton* 
and Fitzgerald. The general use of the electrometer as a measuring 
instrument, especially for electronic research, has been much encouraged 
by the various sensitive forms due to Dolezaleck. 

The further investigation of the Kelvin electrometer as an alternating- 
current wattmeter was carried out by E. Wilson.t He measured {һе 
instantaneous value of the current and voltage curves throughout the 
alternating cycle, and found that the electrometer used as a wattmeter 
agreed with the average of the instantaneous product of the two 
quantities, within the limits of accuracy attainable. 

Ayrton and Mather have developed a valuable form of electrostatic 
voltmeter, in which the forces are sufficiently great to enable a pivoted 
and portable instrument for roo volts to be constructed. When 
provided with a suspended movement it will give full deflection with 
IO volts or less. 

Forms of electrostatic instruments for commercial measurements 
have been evolved by Addcnbrooke,} using a pressure of one or two 
hundred volts on the voltmeter and on the wattmeter needle, and 
about two volts on the ammeter and wattmeter quadrants. Theauthors 
for a time used an Addenbrooke wattmeter, and have adopted similar 
figures for quadrant and needle potential. 

The use of a quadrant electrometer as a standard instrument of 
precision for the verification of other instruments and for research 
work requiring a high degrec of accuracy, was first undertaken by 
Orlich and Schultze, to whom the authors are indebted for the valuable 
assistance afforded by their papers. Reference to the work of these 
and other investigators is given in the bibliography at the end of this 
paper. 


The authors have used the electrostatic system for all their alter- 
nating-current measurements at the National Physical Laboratory for 
upwards of six years. The instruments consist of electrostatic volt- 
meters and an electrostatic wattmeter, together with the supplementary 
apparatus which enables commercial alternating-current instruments 
of any range and of the highest precision to be calibrated with ease 
and certainty. The accuracy attained is considerably better than 5 
parts in 10,000 ; and the long experience gained in the everyday use of 
the instruments has convinced the authors of the great value and con- 
venience of the system in the work of a central testing laboratory. 
They had received several inquiries for a full description of the 


* JXournal of the Institution of Electrical Engineers, vol. 11, p. 272, 1882. 

1 E. Wilson, * The Kelvin Quadrant Electrometer as а Wattmeter and Voltmeter," 
Proceedings of the Royal Society, vol. 62, p. 356, 1898. 

t G. L. Addenbrooke, * The Accurate Measurement of Alternating апа Multiphase 
Currents,” /nternational Electrical Congress, Paris, 1900. 
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apparatus and methods used, and the object of this paper is to explain 
these in a way which may be of use to other experimenters who desire 
to work on the same lines. There is nosuggestion that the electrostatic 
wattmeter should take the place of any of the existing precision instru- 
ments used in station work—for this purpose it would prove troublesome 
—but where a system is required of the very highest accuracy, combined 
with a wide range of application and convenience in use, the authors 
are of opinion that at present there is none to be compared with the 
electrostatic system. 


- ADVANTAGES AND DISADVANTAGES. 


The apparatus which the authors have developed has becn evolved 
to meet the special requirements of the electrotechnical instrument- 
testing section at the National Physical Laboratory. Two of the 
principal requirements of the work are :— 


I. À high degree of accuracy ; 
2. Adaptability over a wide range for measuring all kinds of loads 
met with in the testing laboratory. 


It will be well at the outset to enumerate the outstanding advantages 
and disadvantages of the electrostatic system for the measurement of 
electrical quantities, as distinct from the system using instruments of the 
dynamometer type. 

I. The primary advantage of the electrostatic system lies in the 
wideness of ranges of both current and voltage over which a single 
standard instrument can be used. The voltage range of dynamometer 
wattmeters can be multiplied indefinitely ; but errors are introduced 
when the current to be measured exceeds one or two hundred 
amperes. One of the chief troubles is due to the heavy metallic wind- 
ings of the series coils, and the disturbance of their fields in conse- 
quence of eddy currents. The electrostatic wattmeter, on the other 
hand, can be used to measure practically any current. The authors at 
present go up to 3,000 amperes in alternating-current power measure- 
ments ; but if there were a demand for tests involving larger currents, 
it could readily be met. 

2. The fact that the voltmeter and the wattmeter require but a 
minute capacity current enables them to be changed over from one 
circuit to another without causing any disturbance—as, for instance, 
when measuring 3-phase systems by the 2-wattmeter method, or 
when measuring the ratios of potential transformers. 

3. Eddy currents do not arisc in the apparatus to affect its accuracy 
under any circumstances met with in practice. 

4. The instruments themselves are independent of changes in 
frequency or in wave-form. The shunts which are used with the watt- 
meter for currents of 1,000 amperes and over have, however, a very 
small effective inductance which should be allowed for when high 
accuracy at very low power factors is required. For instance, the 
3,000-ampere shunt introduces an error of o'8 per cent in wattmeter 
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readings at o'1 power-factor and 50 cycles per second. The form of 
the shunt enables the inductance to be readily calculated, and a correc- 
tion for the only factor affecting the accuracy can thus be applied.* 
As, however, the accuracy is only affected when the largest currents 
and lowest power factors are in question, it is very seldom Бесеу to 
take this error into account. 

5. The instruments are all of the direct deflection type und their 
scales can be read easily and accurately with the naked eye. 

The chief disadvantages of the system are :— 

I. The relatively small controlling forces in the electrometers 
causing the slow movement which is common to most electrostatic 
instruments. 

2. In order to keep down the time of swing of the wattmeter moving 
system (undamped) to about 8 seconds, and yet leave the instrument 
robust enough to stand ordinary everyday usc, it is desirable to work 
with a pressure of about 2 volts on the quadrants for full deflection 
over the scale. This means that a pressure drop of 1 or 2 volts is 
wanted whatever be the current through the series resistance. Two 
volts with 2,000 amperes means a dissipation of 4 kw. in the 
resistance ; this is readily managed with water cooling, but the 
introduction of the water system must be regarded as a disadvantage. 
Considerable benefit, however, accrues from the use of these resistances 
as they form a good non-inductive load for the transformer and 
generator supplying the current, and thus help to prevent wave distor- 
tion of the generator and to keep three-phase circuits balanced. Their 
relatively high resistance also helps to produce a low time-constant. 

3. The instruments are not portable. When once set up and 
adjusted they are best left alone. 

4. Most of the apparatus must be regarded as special, ” since there 
is never likely to be a sufficient demand for equipment of this nature 
to cause it to be manufactured in commercial quantities. 


GENERAL PRINCIPLE OF MEASUREMENT. 


Before describing in detail the method and apparatus for calibrating 
and using the electrostatic instruments, it will be well to indicate in a 
general way their functions in relation to one another. 

Only two electrostatic instruments are really necessary—a volt- 
meter and a wáttmeter. Current is measured by the voltmeter used in 
conjunction with the non-inductive resistances in a way to be 
described later. The two instruments are set up near the centre of a 
semi-circular darkened enclosure. 

The voltmeter is a 160-volt standard horizontal-type Kelvin and 
White multicellular instrument, with oil damping. Above the oil 
damper is fixed a concave mirror 20 mm. diameter, which must be very 
accurately made. Its radius of curvature is approximately 3 metres. The 
beam of light from a Nernst lampand lens is reflected from it, forming 


* Fournal cf the Institution of Electrical Engineers, vol. 42, p. 463, 1909. 


Fic. 3.—General View of the Electrostatic Wattmeter. 
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an image of the lens and crosswire on a scale, 4 metres away and 8 metres 
long, which forms the boundary of the enclosure. The voltmeter is the 
link which connects the system to the fundamental standard of voltage, 
and everything therefore depends on the accuracy with which it can 
be read and relied upon. The great length of scale and the sharp 
definition of the image of the crosswire on it enable the voltage to be 
read to an accuracy of 1 part in 10,000. А section of the scale has 
been reproduced full size in Fig. 2. The section shown is from go to 
91 volts, and the subdivisions marking each hundredth of a volt are 
about 1 mm. apart. The image of the line in the centre of the spot is 
somewhat less than this in width ; hence it is easy to read to less than 
one-hundredth of a volt. As is well known, the scale divisions of 
these instruments are contracted at the two extremes of the scale, and 
the useful range when the greatest accuracy is required is from 50 to 
140 volts, A second instrument of the same type reading to 300 volts 
is also installed in the same way. 


90 


| 91 


ee ee ee 


Fic. 2.—Full-size Drawing of Voltmeter Scale between go and д Volts. 


On account of the elastic fatigue of the suspension, and consequent 
slow creep of the deflection, the instrument has to be capable of being 
calibrated whenever desirable at the point at which it is being used. 
The calibration is done on continuous current by a simple potenti- . 
meter dividing-box (described on p. 313), the instrument being reversed 
to eliminate the contact difference of potential. The voltmeter has 
been found very reliable, and we thus have an instrument which itself 
takes only a minute capacity-current, and which measures alternating- 
potential differences of the order of тоо volts to an accuracy of I 
part in 10,000. This has been explained in some detail because the 
possibility of having an instrument of this kind is perhaps the most 
vital feature of the system ; for in conjunction with а non-inductive 
resistance it enables the electrostatic wattmeter to be calibrated on 
alternating instead of on continuous current. For instance, if the 
voltmeter registers exactly 100 volts (alternating) when placed across 
the terminals of a 100-ohm non-inductive resistance, the watts dissi- 
pated will be exactly 100, and the reading of the wattmeter indicates 
this amount to 2 parts in 10,000. 
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Orlich* has done much very careful work at the Reichsanstalt in 
determining the corrections to be applied when an electrometer, 
calibrated on continuous current, is used on alternating current. The 
authors venture to think that their method of calibrating on alternating 
current instead of continuous current greatly simplifies the system, and 
also enhances its accuracy, for among other advantages contact 
differences of potential have not to be considered, and hence reversals 
of the instrument are unnecessary. The electrostatic wattmeter has a 
similarly extended scale ; but as the law of the instrument is linear, an 
accuracy of 1 part in 10,000 is only possible towards the top of the 
Scale. Its calibration, as explained, is dependent on that of the volt- 
meter, and the highest accuracy obtainable must therefore be regarded 
more nearly as 2 parts in 10,000. . It of course requires care to gct an 
alternator to maintain as steady a voltage as this, and it is essential that 
. the power should be supplied to it from a battery. 

When the wattmeter has been calibrated in the above manner it is 
ready to be used on the testing circuit. A potential difference 
proportional to, and in phase with, the current in the circuit is put 
across the quadrants, and the pressure of the circuit, or a fraction of 
it, is applied betwcen the needle and the quadrants, The instrument 
then correctly indicates the power in the circuit and is independent of 
frequency or power factor. 

The above is merely a brief outline of the main principles of the 
method, and must be considered in conjunction with the detailed 
descriptions of the different parts of the apparatus which follow. 


THE WATTMETER.] 


A photograph of the wattmeter is shown in Fig. 3, and a sectional 
drawing of the quadrants and lower portions in Fig. 4. 

It will be seen from these illustrations that the instrument is quite 
simple in construction. А brass ring, А, 23 cm. diameter and about 
9 mm. thick, is supported on three legs. On this ring is centred a 
‚ platform, B, carrying the whole of the instrument, and free to be 
rotated bodily by means of the tangent screw shown in the front of 
the illustration. This gives a fine adjustment of the instrument with 
relation to the scale, and enables the zero of the wattmeter to be made 
coincident with that of the scale. On a second platform, C, rests the 
upper portion of the instrument from which the moving system is 
suspended. ‘This upper portion can be moved laterally on С to 
facilitate the centring of the needle in the quadrants. There are finc 
adjustments at the top for raising and lowering the needle, and also for 
turning the whole suspended system round so that the needle takes up 
any desired position in relation to the quadrants. The long tube and 

* Elektrotechnische Zeitschrift, vol. 30, pp. 435 and 466, 1909. 

f For details of the scale construction and dimensions, see Appendix II. The 
authors desire to make acknowledgments to H. Schultze. Several points in the 


design of his electrometer, constructed at the Reichsanstalt, have been embodied in 
the design of this instrument. 
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Fic. 4.—Section through the Lower Portion of the Wattmeter. 
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sliding inner rod enable suspension filaments of any desired length to 
be used. It is essential that all the parts shall be accurately machined, 
as it has often been necessary to take the instrument to pieces and to 
put it together again in such a way that the adjustments arc 
unaffected. 

The needle and quadrants are made of a special copper-aluminium 
alloy.* This material has the greatest strength of the alloys of this 
series, and permits therefore of the use of a very thin needle. Each 
set of four quadrants is fixed on to a rigid brass plate, and is insulated 
from it by means of amberite pillars—three to each quadrant. The 
accurate setting of these quadrants so as to make them quite sym- 
metrical was accomplished by the use of a specially made gauge. 
After the fixing was complete the quadrant surfaces were machined up 
very lightly in a lathe and then ground flat on a surface plate. A view 
of one set of quadrants is shown in Fig. 5. Тһе diameter 15 12 cm., 
and the slots are о:5 mm. wide. The lower quadrant plate is supported 
by three adjusting screws which keep it central by the hole, slot, and 
plane device. These, screws have graduated heads and by means of 
them adjustments in height can be effected to o'oor mm. In a similar 
manner the plate to which the upper quadrants are fixed is supported 
on the lower plate and can be similarly adjusted as regards height. It 
will be seen from this that the accurate adjustment of quadrant 
distance and height of needle can be readily effected. No lacquer 
should be used on the inside of the instrument. 

The moving system is illustrated in Fig. 6 and its construction is 
such as to permit of easy removal from the instrument. It consists of 
a phosphor-bronze strip, 20 cm. long, annealed in a reducing atmo- 
sphere while under slight tension. The strip is soldered in the ordinary 
way to an upper connection, and at the lower end to the frame carry- 
ing the mirror. The frame is extended in the form of a long rod about 
I mm. diameter, which ends in the usual form of right-angled squarc- 
section hook. The hook engages with the lower rod, in the centre of 
which the needle is clamped between flanges. An iris diaphragm is 
fixed at D, Fig. 4, so that when unshipping the instrument to change 
the needle or make some other adjustment it is only necessary to take 
the weight of the needle by means of the screw E, disengage the 
hooks, and close the iris diaphragm on to the spindle. This enables 
the whole of the top of the instrument with the upper platform, C, to 
be lifted off without straining the suspension in any way. The upper 
quadrant system can then be raised, and the needle with its short 
spindle is ready to be removed. Ап important point is to see that the 
whole moving system turns truly about its axis. The mirror is 
concave ; it has a radius of curvature of 3 metres, and is 20 mm. high 
by 8 mm. wide. 

The making of the needle requires great care, since any lack of 
symmetry will cause an uneven scale calibration. The accuracy desired 
in the measurement of power necessitates an angular deflection of the 

* Made for the authors by Dr. W. Rosenhain. 


Fic. 7.--View of Wattmeter Needle showing Fluting (about full size). 
Foil 0:015 mm. thick. 
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needle through 45 degrees. As the quadrants are only 2 mm. apart, it 
will be seen that a thin needle cannot be expected to be so flat as to 
give a straight line law to 2 parts in 10,000 over this angle of deflection. 
An even calibration, however, has been obtained to within r or 2 parts 
in 1,000; but it was necessary, in order to obtain this accuracy, to 
make several needles and to try which gave the best calibration. As, 
however, for optical reasons the scale used with the wattmeter cannot 
be semi-circular, its divisions would not in any case be equidistant, and 
a scale must be drawn to suit' the instrument as set up. Hence exact 
regularity of calibration is not of any special consequence. The 
needles are 5o mm. across and of the shape shown in Fig. 6. Any 
shape which deviates from this, by the introduction of other than 
concentric circles, is found to affect the calibration and should not be 
used for wattmeter work where a linear law is desired. It was 
intended, when designing the instrument, so to adjust the quadrant 
distance and the stiffness of the suspension that the -natural air- 
damping as the needle turned between the quadrants would have 
sufficed. This, however, was found impossible with a flat needle, as 
the quadrant distance would have to be reduced to an impracticable 
dimension, Furthermore, the thinnest metal foil which could be used 
for the needle without bending under its own weight was o'06 mm. 
Magnalium was found to be not stiff enough for this purpose, and the 
special copper-aluminium alloy mentioned above was used. Foil of 
о'об mm. thickness gave a slower time of swing than was convenient ; 
and although a needle of this material was in use for several years, the 
time of swing was ultimately reduced and the damping greatly 
improved by using thinner foil and pressing a fluting round the edge. 
The cffect of such a fluting is to stiffen the needle and to increase the 
air resistance to motion between the quadrants. After some experi- 
ments a type of needle was made which has proved quite satisfactory. 
The natural time of swing was reduced to 8 seconds, and the damping 
was made so that the moving system came practically to rest in 14 
complete oscillations. Foil 0:020, o'o15, and о'ото mm. thick was tried 
and the intermediate size finally adopted. The die used was of brass, 
of the same shape as the needle ; and near the edge a groove o'5 mm. 
deep was carefully cut and smoothed out. The foil was pressed into 
the groove by laying it on the die and pressing on to it one or two 
thicknesses of blotting-paper placed on the foil. Precautions have to 
be taken to prevent the foil tearing where it is pressed into the grooves 
of the die. Further, it is difficult to prevent slight buckling of this 
very thin metal, and the procedure which eventually proved satis- 
factory was as follows :— 

Two pieces of foil were first annealed by heating to about 300° C. 
between flat surfaces. These pieces were partially pressed into the 
groove by means of one thickness of blotting-paper under a pressure 
of 4 tons. The foil was again annealed (whilst in the die) and pressed 
to 6 tons with fresh blotting-paper. The annealing was repeated, after 
which a pressure of 8 tons was applied. The foil was thus pressed 
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fairly well into the groove and the two pieces of foil were carefully 
separated, the one which had not been against the die being taken for 
use. It will be noted that the grooves of this piece will be smaller than 
those in the die by about o'oi mm. ; and apparently in the final 
annealing under slight pressure in contact with the die this clearance 
is sufficient to allow the central flat portion of the metal to flow, and 
thus buckles are removed. As far as the eye can judge, a perfectly flat 
ncedle with the desired fluting is the result (see Fig. 7). Before the 
final annealing, the edges of the needle are cut on a flat metal surface 
with a very sharp knife. Asthe die is the exact shape of the needle, 
there is no difficulty with reasonable care in cutting the foil round it 
and leaving a cleanly finished edge. The die has a central hole of the 
correct size and acts as a jig for drilling the foil at the centre. All die 
surfaces used when pressing and annealing the foil must be ground 
very flat and parallel. The needle is too delicate to be handled with 
the fingers and must be slid from surface to surface during the 
processes, and should be kept between and plate and the die whenever 
possible. The proper clamping of the ncedle between the flanges of 
the moving system of the wattmeter will of course depend on the 
accurate machining of the flange surfaces. A short time of swing 
and satisfactory damping are such vital features in the use of an 
instrument of this kind that it pays to expend considerable time 
and attention on their achievement. 
The data as to the time of swing of the dilferent parts of the moving 
system are as follows :— 
Time of Swing. 
Upper part of suspended system, including mirror... 3 seconds. 
Suspended system, with the exception of the needle... 64 S 
Suspended system, including needle ... sss xc “б - 
With quadrants 2 mm. apart the swings arc damped 
so that the system comes to rest in 14 oscillations. 
Time of swing when damped vus SN e. 16 " 


Method of Using the Wattmeter.—It will be seen from the foregoing 
description that the case and everything in the instrument is at the 
same potential as the needle, with the exception of the four quadrants. 
In practice the potential difference between the quadrants is about 2 
volts, and between the needle and the quadrants 100 volts. This needle 
potential-difference must be regarded as being the potential difference 
between the needle and a point whose potential is midway between 
that of the two quadrants (see Fig. 8); and this latter point may be 
therefore considered as the centre of the electrostatic system in the 
instrument. It is important to recognize this, for great simplicity is 
secured, wheg using the instrument on testing circuits with fictitious 
loads, if a point midway between the quadrants is made the common 
junction. When the quadrants are connected to the terminals of a low 
resistance, the instrument measures the power which is being dissi- 
pated between the point to which the needle is connected and the 
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point which is midway between the terminals of the low-current resist- 
ance * (Fig. 8). That is to say, the watts in half the main-circuit 
resistance are included in the energy measured, and a correction for 
this must be made. If, however, the middle point of the resistance is 
accessible, the voltage circuit can be connected so that no correction 
is necessary. It will be noticed, in the diagrams which follow, that this 
“common point" is the one to which all junction connections must be 
made and all zero readings referred. 

The electrostatic wattmeter may be said to have two zeros (see 
Fig. 8) :— 


I. When the needle and two quadrants are at the same potential. 
This is referred to here as the mechanical zero. 

2. When the quadrants are at the same potential and a voltage is 
applied between them and the needle. "This is referred to 
-as the electrical zero. i 


Load ood oad 


© о © 


А. C. 
Mechanical Aero і Electrical Aero Circuit 


Fic. 8.—Diagram of Wattmeter Quadrants and Needle on Mechanical Zero, 
on Electrical Zero, and on Circuit. 


If everything in the instrument is perfectly symmetrical these two 
zeros will coincide ; but with the slightest lack of symmetry the needle 
will take up a different position in the quadrants under the second con- 
dition from that which it occupied when all parts were at the same 
potential. The electrical zero is the one to work to on all occasions ; 
and provided the agreement with the mechanical zero is fairly close, 
further adjustment is unnecessary. A slight tilt of the quadrants by 
means of the three adjusting screws, however, will always bring the 
two into exact agreement. After setting up the instrument as described 
іп the paper, raising or lowering one side of the quadratft system by 
not more than one-twentieth of a millimetre will usually bring about 
this agreement. 

Calibration of Walimeter.—It has already been explained that a per- 
fectly even wattmeter scale cannot be secured to the accuracy desired, 
as, among other reasons, the constant of the instrument varies slightly 
from point to point of its deflection. It is also desirable to redetermine 
the constant from time to time, especially when great accuracy is re- 
quired. The wattmeter has arrangements which permit of a quick deter- 
mination of its constant at any point of its scale, in the same way that 
the electrostatic voltmeter is provided with a calibrating circuit which 


* A. Russell, “ Alternating Currents,” vol. 1, p. 194. 
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enables the scale error to be determined at any time. The appropriate 
connections are illustrated in Fig. 9. Between the middle point A and 
the point B is exactly 200 ohms of non-inductiveresistance. The alter- 
nating supply voltage is adjusted so that the electrostatic voltmeter 
connected between these points indicates exactly roo volts; thus 
precisely 5o watts are being dissipated between A and B.* 

It was pointed out previously that it is the power between these 
points to which the deflections of the wattmeter are proportional when 
it is connected as in the diagram. It will be seen that of the 200 ohms 
the last two are divided into 20 steps of о'т ohm each. There is a 
similar set of 20 steps on the other side of the neutral point А; and the 
quadrants of the wattmeter can be made to embrace as many of these 


B 
Static 100 
Voltmeter 
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FiG. 9.—Method for Calibrating the Wattmeter. 


steps as desired, always keeping the resistance equal on either side of 
A. Thus, since exactly o'5 ampere is passing through the circuit, there 
will be a pressure of 2 volts across the quadrants when the latter em- 
brace 20 steps on either side of A. By varying the amount of this 
resistance across the quadrants, any desired voltage can be impressed 
on them, and the deflection will vary proportionally. 


If К =the constant of the instrument at the scale deflection D ; 
I = current in the circuit ; 
— voltage between A and B ; 
R resistance across the quadrants ; 
then— 


* The instrument is generally used with roo volts on the needle for commercial 
work. If used at any other voltage it is specially calibrated at that voltage. The 
change of constant fora то per cent change in voltage is found to be about 0:2 per cent. 
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In this expression D represents the deflection from the electrical 
zero, viz. when the quadrants are short-circuited on to A and there is 
a voltage E between A and B. The three 2-ohm coils C,, С„ and C,, 
with short-circuiting plugs, shown on the diagram, are intended for 
doubling the E.M.F. on the quadrants when this is desired. In order 
to keep the resistance constant between A and B, C, must be short- 
circuited when C, and C, are open-circuited. 

Connection of Waitmeter to the Test Circuil.—In the larger part of 
the work with the wattmeter, fictitious loads are used. "The current 
for an instrument is obtained from one source, and the potential differ- 
ence for its voltage coils from another. The most convenient and 
usual way is to obtain these from two similar alternators whose arma- 
tures are coupled together, but one of whose fields can be rotated in 
relation to that of the other. In this way any required phase dis- 
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Fic. 10.—Connection of the Static Wattmeter to the Test Circuit for 
the Calibration of another Wattmeter. 


placement can be obtained between current and voltage ; and separate 
adjustments for both are secured by means of regulating resistances in 
the two alternator fields. Fig. ro gives, in elementary form, the 
connection of the wattmeter to the ordinary test circuit for the cali- 
bration of a wattmeter or a watt-hour meter on a fictitious load. It 
will be seen that the voltage and current circuits are interconnected 
at the subdivided end of the potential divider and the middle point of 
the current resistance. A potential divider is generally used so that 
the wattmeter can be worked with approximately 100 volts on the 
needle. The dividing resistances used by the authors consist of two 
boxes, each containing 100,000 ohms of Duddell-Mather woven resist- 
ance subdivided into sections which can be used on circuits up to 
about 12,000 volts (Fig. її). The resistances are divided into five parts 
of 20,000 ohms each, one of which is subdivided into ten parts of 
2,000 ohms. This arrangement permits of the choice of a large 
number of ratios without excessive subdivision of the resistance. 


FiG. 11.—One of two Duddell-Mather Woven Dividing Resistances (by R. W. 
Paul) for Use with the Electrostatic Wattmeter and Voltmeters up 
to 12,000 Volts. 
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The outside dimensions are 32 in. long, 27 in. wide, and 20 in. high 
(80 cm. х 7o cm. x 50 cm.). 

The power which the static wattmeter indicates is deduced as 
follows :— 


If K= instrument constant (determined as on p. 307 for deflec- 
tion Dj); 
R, — resistance through which the main current passes ; 
r — ratio of potential divider ; 
D, — deflection ; 


Power = к á watts. 


The switchbox designed for the manipulation of the clectrostatic 
wattmeter, and for switching it on to any desired circuit, is shown 
diagrammatically in Fig. 12. 

It consists of three contact circles arranged one above the other, 
one for the needle and one for each quadrant. The contact arms are 
connected to a single vertical spindle so that the rotation of this works 
all three circuits at once. Position 1 is that in which the wattmeter 
is connected to the measuring circuit. Positions 3 and 5 are respec- 
tively the electrical and mechanical zeros. Positions 2 and 4 are 
intermediate ones, and are arranged with high resistances connected 
across adjacent studs, as shown in the diagram, in order to avoid 
open-circuiting the quadrants when changing from the circuit to the 
zero positions. It is important to remember that the quadrants must 
never be open-circuited, otherwise they are liable to become charged 
to some relatively high potential, and so to give the moving system 
severe strains. The switchbox used is arranged for four complete 
circuits ; but in passing from one circuit to another the electrical and 
mechanical zero positions must be passed through in duc order. The 
diagram in Fig. r2 only shows contact studs for one circuit. Each 
additional circuit added requires the same studs arranged in the same 
sequence. 

Three-bhase Measurements.—One of the great advantages of the 
wattmeter is the ease with which it can be used for three-phase measure- 
ments by the two-wattmeter method up toany currentrange. Until now 
there has been little call for three-phase measurements above 1,500 
amperes, but larger currents could be readily dealt with if necessary. 
The apparatus for testing three-phase power at voltages above 600 has not 
yet been constructed ; and the three-phase wattmeter is connected in 
the tests described below with its current transformers only, the ratios 
of the voltage transformers being determined separately. There 
appears to be no real difficulty in making a high-tension switch for 
manipulating the wattmeter on three-phase circuits up to, say, 11,000 
volts ; and a design for this is in hand. Voltage transformers for use 
with measuring instruments are usually of good design, and phase 
differences between the primary and secondary windings produce 
very small errors under ordinary working conditions. It is otherwise 
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with some current transformers used with test instruments, and therc- 
fore three-phase meters are always set up with their current transformers 
and tested on three-phase circuits. The diagram of connections for 
three-phase unbalanced-load meter tests, and the electrostatic watt- 
meter switch for power measurement by the two-wattmeter method, 
are shown in Fig. 13. The three-phase current circuit is shown in heavy 
lines on the right-hand side. The star is made up of three standard 
resistances (which comprise most of the load), and in two arms of the 
star are connected the wattmeter current coils or current transformers. | 
The independent voltage supply is shown on the left-hand side with 


Needle Quadrant N^ Quadrant N°2 
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Potential. v Diviper 
Volt Alternator 
Fic. 12.—Arrangement of a Section of the Switchbox used with the 
Wattmeter. 


connections to the two elements of the watt-hour meters. The switch 
on the left changes the electrostatic wattmeter from one phase to 
the other, the sum of the two readings representing the true power 
which is actuating the watt-hour meter on test. 

The switch is divided into four sections and has a contact brush 
working over each section, the four brushes being moved simul- 
tancously by the central spindle. The right- and left-hand sections 
merely serve to change over the quadrants from one standard resist- 
ance, R, to the other, according to the phase in which the watts are 
being measured at the time. Position 1 is the mechanical zero, positions 
2, 2 are the electrical zero, and positions 4, 4 connect the quadrants to 
the two current resistances, 
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The manipulation of the voltage circuit is not entirely straight- 
forward, in view of the fact that the two ends of the potential divider 
must be dealt with. Asa matter of fact one end can be permanently 


Ес. 13.—Connections of the Wattmeter and Switchbox for Three-phase Tests. 
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connected to the top arm, A, of the three-phase star, except just at the 
time of changing over the other end from phase B to phase C. At 
this moment (position 1) the dividing resistance must be completely 
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isolated, otherwise the needle will be momentarily charged to the full 
potential of the system. Further, bv leaving a longer space between 
the centre contacts of the top section of the switch it is assured that the 
high-tension end of the potential dividing resistance is isolated first, so 
that the needle is left at low potential before being connected to the 
quadrants in position 1. The lower section of the switch simul- 
taneously connects the voltage supply to the movable end of the 
potential divider, and to the respective common points of the standard 
current resistances R. The needle of the wattmeter, it will be noted, 
is connected permanently to the ratio point of the potential divider. 

It will be seen that the various switch arrangements are entircly 
automatic, the instrument being changed over in a moment from one 
phase to another without any disturbance of the circuit. In making, 
for instance, a two-minute test run on a watt-hour meter it is possible 
to take threc wattmeter readings on each phase, changing over the 
instrument after each reading. 


QUADRANT VOLTMETER.* 


The instruments in use are the laboratory-pattern Kelvin and 
White electrostatic voltmeter, with the addition of a concave mirror 
attached near the bottom of the spindle as described on p. 298. There 
is one trouble which is inconspicuous in the instrument when used in 
the manner for which it is designed, but which must be allowed for 
when magnifying its deflections by reflection. This is due to the 
elastic fatigue of the suspending strip, which shows itself by a gradual 
rise in the deflection of the instrument when a constant voltage is 
applied ; and by a corresponding fall when a lower voltage is applied 
after the instrument has been at a higher pressure for some timc. It is 
hoped by treating suspending strips in the manner that has been found 
cffective for the wattmeter that this fatigue effect will be considerably 
diminished ; and as the instrument is not required to be semi-portable 
it is expected that its inertia may be considerably reduced, notably by 
using for the needle vanes the aluminium alloy which has bcen 
employed іп the wattmeter, where a thickness of o'or5 mm. has been 
found sufficient. 

Precautions should be taken to see that all moving parts are 
properly screened from clectrostatic charges which may slowly 
accumulate on insulating surfaces, since these may affect the calibration 
on continuous current. 

Calibration.—The voltmeter scales are calibrated by applying a 
known continuous voltage to the instrument by means of a potential 
divider (Figs. 14 and 15). The best way of marking off the divisions of 
the long voltmeter scale, preparatory to the final drawing, is to consider 
some point at the middle of the scale (say at 9o volts) as a datum 
point. After marking this off, the various voltages are marked on either 
side of 9o, taking them alternately above and below so as to eliminate 


* For details of the scale dimensions and construction, see Appendix II. 
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as far as possible the effects of “ crecp," and returning to the go-volt 
point between each reading. The plan of always returning to the 
instrument zero between deflections was not found satisfactory, since 
with these quasi square-law electrometers the amount of any deviations 
from this zero which may take place seems to bear no definite relation 
to the errors when the instrument is deflected. 

After marking off the scale at every volt in this way the paper is 
taken down, and every point so marked is measured with a steel tape 
from one end of the scale and the differences for every volt found. 
Slight irregularities inevitably appear in these differences, and by 
* smoothing" them a second table of distances is made, according to 
which the final drawing of the scale is carried out. If the rate of 
change of length of scale division is of sufficient importance, this 
is allowed for in the marking of the half-volt points, otherwise the 
fractions are filled in by equal subdivisions. Over the open part of 
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Fic. 14.—Diagram of Circuit for Calibrating the Electrostatic Voltmeter. 


the scale hundredths of a volt are indicated. In the more contracted 
parts twentieths and tenths suffice. 

The potential divider for calibrating the voltmeter consists of two 
sets of resistances in series, the one containing 24 resistances of 
500 ohms each, and the other 24 of 25 ohms. A current of exactly one- 
fiftieth of an ampere passes through them, causing a drop of ro volts on 
each of the former, and of 0'5 volt on each of the latter. It is there- 
fore possible to apply to an electrostatic voltmeter any pressure 
between o and 252 volts, in steps of o'5 volt, by connecting its ter- 
minals to the junction points of the proper resistances. 

The fiftieth of an ampere is maintained constant through the dividing 
resistance by passing the current through a resistance whose numerical 
value is fifty times the nominal voltage of a Weston normal cell at the 
ordinary laboratory temperaure (1:0184 volts at 17? С.). Ву an adjust- 
able resistance in series the drop in voltage on this resistance is made 
to balance that of such a cell, thus establishing the correct voltage on 
the potential divider. If steps of half a volt are found to be too 
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coarse for any special purpose, the cell is balanced across a second 
additional resistance of the above value (not shown in the diagram); 
the potential divider then carries a hundreth of an amperc, and steps 
of a quarter of a volt are obtainable. If, on the other hand, an instru- 
ment registering above 260 volts is to be used, 520 volts in steps of 
I volt are obtainable by increasing the current to one twenty-fifth 
of an ampere and balancing across a third resistance of half the valuc 
of the one commonly used. 

Mounting.—As surface leakage over ebonite, due to the production 
of acid, has given considerable trouble, and a voltage of 260 was to 
be the normal pressure on the resistances, special precautions were 
taken, first to avoid leakage, and secondly to detect it easily if it 
occurred. This latter point is one that might well be considered in 
other types of resistance. 

The resistances are mounted in two circles on ebonite pillars, on the 
top of which are the contact studs for making connection to the volt- 
meter. The pillars themselves are secured into a plate of brass which 
forms the main support. Leakage over the surface of the ebonite is to 
a large extent prevented by washers of amberite, under the heads of the 
studs. If, however, any leakage takes place it must pass through the 
brass foundation plate, so that as long as the insulation of the whole 
resistance from the brass plate is maintained at a sufficiently high value 
it is certain that no material leakage can take place. The principle of 
breaking the leakage path by a conductor whose insulation from the 
resistance coil can be checked at any time affords a method of 
avoiding errors due to leakage. With the ordinary construction of 
resistances such errors, when they exist, are most difficult to detect. 

Adjustment.—There is little difficulty in adjusting resistances of the 
nominal value of 500 ohms to approximate equality with sufficiently high 
accuracy, and still less in adjusting the 25-ohm resistances, as the per- 
missible proportional error is considerably greater. Twenty of them in 
series can at any time be compared with one of the боо-оһт steps. 
The accuracy of the whole instrument, however, depends on the proper 
adjustment of the resistance used for the Weston cell, so that its ratio 
to the sum of all the resistances of the box shall have the correct value. 
As the 500-ohm resistances are much more important than the 25-ohm 
resistances, it is with these that the cell resistance should, if possible, 
be directly compared. "The cell resistance being 50:920 ohms (50 x 
I'0184), it is obvious that to adjust a resistance to this nominal value, 
allowing for the mean error of the 500-ohm coils, will require a Wheat- 
stone bridge of which the errors in a large number of coils must be 
known to a high degree of accuracy if any certainty is to be attained 
as to the value of the last figure. 

A way of partly avoiding this difficulty would be to put ro of the 
500-ohm coils in parallel, when a comparison would be effected 
between resistances of nominal values of 5o ohms and 50:920 ohms. 
Carrying this idca still further, it will be seen that a resistance having 
a conductivity of between that of 9 and 10 coils in parallel is required 


Ес. 15.—View of Resistance Box for Calibrating the Electrostatic 
Voltmeter. 
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in order to equal that of the “cell ” resistance ; and the question arises 
whether it is possible to take a number of equal resistances of nominal 
value то, permanently connected together in series, and to find a 
scheme of connecting their junction points in such a manner that the 
resulting resistance has a nominal value of 1°0184, or some value very 
close to this. It will be found that this can be done by using twenty- 
three equal resistances, connecting together as one main the junction 
points o, 2, 4, 6, 8, 11, 13, 16, and as the other main 1, 3, 5, 7, 9; while 
IO, I2, I4 are simply joined together, and likewise 15 and 23. The 
resulting value is 17018405 ; which is the nominal voltage of the Weston 
cell at about 17:1? C. 

These connections being made, the combination is arranged as the 
unknown resistance in a Wheatstone bridge of suitable sensitivity ; 
and balance is then obtained. The “cell” resistance is then substituted 
for the combination, and is adjusted until the bridge is balanced at the 
same value. By this means the cell resistance has automatically the 
correct ratio to the main resistances without any dependence whatever 
on the accuracy of any of the bridge coils. 
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Fic. 16.—Method of connecting the Dividing Box Resistances for the 
Accurate Adjustment of the Resistance used to balance the Voltage of a 
Weston Cell. 


By including the cell resistance as a part of one of the equal 
resistances, the method affords the most accurate way of verifying a 
continuous voltage of simple numerical value, such as 25, 100, or 210. 

It is of interest to see what other combinations can be made to suit 
the value of a Weston cell at other temperatures. For many values 
this can be done by modifying the resistance of the parts of the circuit 
carrying least current. For instance, the nominal value of a Weston 
cell at 15? C. is 1'0185. From a combination of 16 equal resistances in 
series the value 1°018518 may be obtained. This is done by con- 
necting together as one main o, 2, 4, 6,8, 11, 13, 16; and for the other, 
1,3, 5,7 9; whilst 1o, 12, 14 are simply joined together. This arrange- 
ment is shown in Fig. 16. Again, instead of joining 15 to 23 as in 
the combination giving the value r:or8405 above, if 15 be joined 
successively to 24, 22, 21, 20, 19 and 18, the resulting values will be 
found to be 1:018418, 1:018388, 1018364, 1:018330, 1:018277, 1018182, 
a range covering the cell value between 17? and 23*. 

The standard temperature at which Weston cells are usually 
verified is 20? C., at which they have the nominal voltage r'o183. By 
making the connections o, 2, 4, 6, 8, 11, 13, 16, and 1, 3, 5, 7, 9, as the 
main circuit, with three detached connections Io, 12, 14 ; 15, 20, 22 ; and 
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19, 21, the value 1:0182975 is obtained. Of course by adding extraneous 
resistances of the required value in series or parallel to the parts of the 
combination where accuracy is of least importance, any desired 
numerical value for the combination may be obtained. 

The calculation of the combination given above for the approxima- 
tion to 1'0183 is as follows :— Assuming each resistance has unit valuc, 
and К,,,, represents the resistance of the circuit between connections 
то and 22, and similarly К, the conductivity between the same 
points, then, neglecting the part of the circuit indicated by lower 
numbers :— 


I 
Кз -—3; Ris == 3 , 


К,6 = 3 p | Ken =; 
a eec 
Кыз» = 1+ p i - Kun = 35 
Kio = 4 + E. == vs Res =e ; 
Kon = 9 + = 1257 ; 

Ron = ao = 0'10182975. 


MEASUREMENT OF CURRENT. 


The method described below is due to Campbell,* and is mainly 
intended for the measurement of large alternating currents above 500 
amperes. It can be used for much smaller currents than this, but other 
methods are equally convenient and are generally employed. 

A step-up transformer with a ratio of 1 to 100, or 1 to 200, has its 
low-voltage primary circuit connected across the terminals of the 
standard resistance which carries the current to be measured. The 
potential difference across this resistance is from 1 to 2 volts. 
The electrostatic voltmeter is connected across the secondary of this 
transformer, and its indications are proportional to the current in the 
standard resistance. The fact that the electrostatic voltmeter absorbs 
no energy ensures that the magnetizing current of the transformer is 
very small. Used with an open-circuited secondary in this way the 
magnetizing current is of the order of 0:02 ampere, and, being nearly 
at right angles to the impressed voltage, its shunting effect is negligible 
for resistances having a drop of 2 volts with a current of 5o amperes. 

Unfortunately, the authors have found that when a transformer is 


* Sournal of the Institution of Electrical Engineers, vol. 30, p. 889, 19or. 


FIG. 17.— View of the 2/200 Step-up Transformer, 
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used in this way, its ratio, instead of tending towards a constant value 
as the frequency is increased, continues to rise, the rate of increase 
being greater above 100 cycles than at 50 cycles. It follows from this 
that its ratio will be dependent on the wave-form. In the transformer 
described below, for instance. the ratio increased 0'47 per cent from 
25 to 100 cycles per second. The reason for this is mainly the self- 
capacity of the secondary winding, which tends to cause the 
secondary voltage to reach a high value at the resonating frequency 
of the secondary circuit. 

А way was found of neutralizing the effect of this capacity by putting 
a very small load on the secondary winding. Various resistances were 
tried, and it was found for this particular transformer that 143,000 ohms 
rendered the ratio independent of wave-form and frequency, except for 
the small variation resulting from the fact that the magnetizing com- 
ponent of the primary current varies with the frequency. The change 
from this cause between 25 and тоо cycles amounts to about o'08 per 
cent, and must be allowed for in work requiring high accuracy by 
taking the value of the ratio which corresponds with the frequency that 
is being used: The current passing in the secondary circuit, when 
loaded іп the way described, is 0'0013 ampere, and gives rise to a 
primary current of about 0°14 ampere. This current is for practical 
purposes constant for frequencies of from 25 to 100 cycles. The 
resistance of 143,000 ohms across the secondary terminals should have 
a positive temperature coefficient of such a value that it will compensate 
for the temperature error due to the resistance of the copper composing 
the secondary winding. The application of the secondary load pro- 
duces a change of ratio of about Io per cent. In one way this high 
resistance serves a useful purpose, for it can be used as a dividing 
resistance for the electrostatic voltmeter, the values of the subdivisions 
being such that they give exactly even multiples of the primary voltage. 

An illustration of the transformer is shown in Fig. 17. The core is 
aring made up of about 11 10. of laminated (0'4 mm.) Stalloy stampings, 
the cross-section being about 16 sq. cm. and the mean diameter 16 cm. 
The secondary windings were designed to be in 20 sections of 2,000 
turns each. These coils were wound on a wedge-shaped former so 
that they fitted closely round the circular core when in position. Each 
iron ring was cut through at one point and threaded into the secondary 
coils, The core was then bound securely with tape, the coils on it being 
pushed round as the binding proceeded. The primary winding was 
designed to be in four sections, each of roo turns, the sectional area of 
the copper being as largeas possible in order to keep down the primary 
watt loss and copper drop. These turns were put on by pushing round 
the secondary coils as the winding proceeded. The wires of the four 
sections were wound together in parallel, thus ensuring exact similarity 
between the sections, and enabling series, series-parallel, or parallel 
connections to be used when ratios of 1 to 200 or 1 to 400 are required. 

It was found, as the construction of the transformer proceeded, that 
the calculated number of turns could not be wound into the avail- 
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able space, and the final data of the transformer windings are as 
follows :— 


Primary.—Four parallel windings, each of 85 turns of 7/21 
enamelled and silk-covered copper wire; 340 turns in all. 

Secondary.—Eighteen wedge-shaped coils, each of 1,900 turns of 
No. 34 enamelled and silk-covered copper wire ; 34,200 turns 
in all. 

Resistance.—Primary—four windings in series, 0°33 ohm. Secon- 
dary—eighteen coils in series, 4,500 ohms. 


TABLE. 
Magnetizing current with 2 volts across primary. (Secondary load, 
0'0013 ampere.) 
25 cycles per sec. 0°1439 ampere. 


50 » ” O'I4I5 ” 
75 ” ” 0'1405; » 
IOO » n 01404 » 


Phase displacement between primary volts and primary current. 
(Secondary load, o'0013 ampere.) 


25 cycles per sec. o'r degrees. 


50 Т » 6:8, ” 
75 » » 5'9 » 
IOO 29) ) 5'5 » 


Transformer watts. (Secondary load, o'0013 ampere.) 


25 cycles per sec. 0'284 watts. 


50 3) » 0:280, » 
75 ) ” 0'279; n” 
IOO » T 0'279 » 


of which the secondary load accounts for about 0727. 
Change of ratio—secondary to primary volts. (Theratioat 5o cycles 
is taken as 100'00. Secondary load, 00013 ampere.) 


25 cycles per sec. 99°94 


BO. 3, б» 100'00 
JS. 2и $5 I00'03; 
IOO , T IOO'O5 


The important factor in the transformer to be determined to a high 
degree of accuracy is the ratio between primary and secondary volts 
at the different frequencies at which the transformer is to be used. 
This ratio is shown plotted in Fig. 19. The steeper curve in Fig. 19 
indicates the manner in which the ratio between primary and secondary 
voltage varies, due to the capacity of the secondary windings when the 
secondary is on open circuit. This curve changes to the flatter one by 
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connecting 143,000 ohms across the transformer secondary. The ratio 
at 50 cycles in both cases has been taken as 100/0; for other fre- 


M у; 


Fic. 18.—Diagram showing the Method of Determining the Ratio of the Step- 
up Transformer. 


quencies they show the percentage divergencies from the ratio at 
50 cycles. The measurements of ratio were made by the method 


Traneformer ratio. 


60 ТО Bo 90 100 


о 40 50 
Alternations per second. 


Fic. 19.—Curve showing the Change of Ratio of the Step-up Transformer 
with Frequency. (Secondary Load, 0°0013 ampere.) 


shown in Fig. 18. The values of resistances R, (5 ohms) and R, (o'r ohm) 
are known to a high accuracy. V, and V, are electrostatic instru- 
ments similar to those described on page 298, and measure the voltage 
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to an accuracy of 1 part in 10,000. In order to determine the amount 
of the shunting effect of the transformer T when connected across R;, 
it is necessary to measure the magnetizing current and the amount by 
which it lags behind the impressed voltage. The correction amounts 
to about o'7 per cent at со cycles per second for the current of 
20 amperes which was used for the determination of the transformer 


Fic. 20.—Diagram showing the Method of Determining the Magnetizing 
Watts of the Step-up Transformer. 


ratios ; it should be remembered that only 20 amperes at 100 volts was 
available for this test, and hence the shunting correction of 077 per cent 
is considerable. As used in practice for currents of 500 amperes and 
upwards the correction is less than ту part of this and for most purposes 


rimary сігсиіб. 


in p 
S 
5 


Watts 


$0 + 
Alternations per second. 


Fic. 21.—Curve showing the Change of the Magnetizing Watts of the Step- 
up Transformer with Frequency. (Secondary Load, 00013 ampere.) 


negligible. The following descriptions give the methods adopted for 
determining the exact value of this correction at frequencies from 
25 to roo cycles per second. 

It was not found easy to measure the magnetizing current directly, 
and therefore the power taken by the transformer primary was first 
determined. From this and the phase angle between primary current 
and voltage the magnetizing current was deduced. 
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In the method adopted for measuring the magnetizing watts 
(Fig. 20), a voltage drop proportional to the magnetizing current of 
the transformer T is obtained by placing a non-inductive resistance, R, 
of то ohms in series with the transformer primary, the two being 


Fic. 22.—Diagram showing the Method of measuring the Phase Angle 
between Primary Voltage and Primary Current. 


connected across a 200-ampere resistance giving a drop of 2 volts. 
The needle of the electrostatic voltmeter is excited from the secondary 
of the transformer T in the manner shown. Тһе substitution of the 
10-ohm resistance by others of higher and lower values was found not 


Angle of Lag,-Degrees. 


о їо 20 Be 40 50 60 TO 80 90 100 
Iternations per second 


FiG. 23.—Curve showing the Change of Phase Angle between Primary 
Voltage and Current with Frequency. (Secondary Load, o'0013 ampere.) » 


to affect the results obtained, so that the only correction required is 

that for the phase displacement between the primary voltage and the 

secondary voltage of transformer T. This phase displacement is readily 

determined by the method described later and shown in Fig. 24 ; and 
Vor. 51. 21 
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the resulting correction for the watt reading can be made. The curve 
so obtained showing the variation of magnetizing watts with the 
frequency is given in Fig. 2r. | 

The phase angle between primary voltage and primary current is 
determined as follows (see Fig. 22) :—The transformer is connected in 
series with a 10-ohm non-inductive resistance, R,, across the 200-ampere 
resistance, R, giving a drop of 2 volts. The quadrants of the electro- 
meter are first connected across the ro-ohm resistance, R,. The needle 
is excited from a separate generator coupled to the same shaft as that 
supplying current to the other circuit. ‘The phase-difference between 
the two generators is adjusted so that the wattmeter reads zero, i.e. 
there is an angle of 9o degrees betwcen the voltage across R, and the 
needle voltage. If now the necdle voltage remain unchanged and 
the quadrants are connected across the transformer terminals b, c, 
the deflection of the wattmeter will be proportional to the phase angle 


.----.--4 


| 
l 
| 
idees 
Tr 
' 


LI 
pot. 


Fic. 24.—Diagram showing the Method of measuring the Phase Angle 
between Primary and Secondary Voltage of the Step-up Transformer. 


between the current in R, and the voltage across b c. The needle 
voltage and the voltage across b c are known, so that the value of the 
angle can be deduced from the wattmeter reading. These angles are 
scheduled in the table given above and are shown plotted in Fig. 23. 

The method for determining the phase displacement between the 
primary and secondary voltages of the transformer is shown in Fig. 24. 
The non-inductive resisance К, gives a drop of 2 volts with 200 amperes, 
and has the transformer primary connected across it. A second non- 
inductive resistance, R,, also gives a drop of 2 volts, and isin series with 
another resistance, R,, giving a drop in all of тоо volts. 

These two circuits are supplied with current from two independent 
but coupled generators. The wattmeter is first connected to К, as 
shown by the dotted connections, and the power factor is adjusted to 
zero. By this means it is assured that the voltage across the primary of 
transformer T is displaced go degrees in relation to the current in R,. 
If now the wattmeter is connected to R, and the needle to the secondary 
of transformer T, a deflection is obtained which is proportional to the 
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phase displacement between the primary and secondary voltages of 
transformer T. The method is capable of a high accuracy by allowing 
for the self-inductance of resistances R,, Ra R} Theresults are plotted 
in Fig. 25, and have been checked by a second method in which R, and 
R, are similar resistances with the same inductance. _ | 

By the above methods the characteristics of the transformer have 
been determined when connected up as used in practice, 2.е. with the 
primary connected to a resistance giving a drop of 2 volts, and with 
the small secondary load compensating for the capacity, using a wave- 


Angle of lag of secondary voltage 
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Fic. 25.—Curve showing the Change of Phase Angle between Primary and 
Secondary Voltages with Frequency. (Secondary Load, о'0013 ampere.) 


form approximating closely to a sine curve. The accuracy of the 
determinations is much higher than is required for calculating the 
small corrections to the ratio values, due to the shunting effect which is 
present in the method shown in Fig. 18; but a knowledge of these 
characteristics has been found of value when using the instrument for 
measurements of other kinds, and for these purposes a greater accuracy 
is often wanted. 

The authors desire to express their acknowledgments to Dr. R, T. 
Glazebrook, C.B., F.R.S., Director of the National Physical Laboratory. 
They are also indebted to Mr. F. H. Murfitt for his skill in the con- 
structional work of the wattmeter, and to Mr. H. C. Sturgeon for 
assistance in much of the observational and other work connected with 
the paper. 
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APPENDIX 1. 


NOTE ON THE USE or EBONITE. 


The authors have experienced so much trouble with ebonite used in 
their electrical apparatus that a renewed warning on the subject may 
not be out of place. 

In the use of electrostatic instruments for measurements of the 
highest precision the greatest care must be taken when cbonite is used 
as an insulator, particularly when it is exposed to strong diffused light.* 
The illumination in the authors' laboratory is much too great to allow 
of the use of cbonite without protecting it from the light ; and constant 
watchfulness is necessary in the few places where it is exposed. That 
light affects the surface of ebonite haslong been known ; but itis somc- 


Fic. 26. —Insulation Resistance of the Surface of Ebonite. 


times thought that the only effect of the light is to discolour the surface. 
Unfortunately, however, this deterioration is accompanied by such a 
large drop in the resistance of the surface of the material that it may at 
times be regarded rather as a conductor than an insulator. The effect 
is allthe more deceptive because a surface which has become very bad 
from the point of view of insulation is usually black, and the discolora- 
tion is only apparent after it has been washed. The conductivity of the 
surface varies greatly according to the condition of the atmosphere, and 
a piece of ebonite which has been unshielded for several months may 
one day have almost infinite resistance, whilst under other conditions of 
tempcrature and humidity the resistance between two terminals may be 
down to a megohm or less. The only way which the authors know of 
avoiding the trouble is systematically to wash all exposed ebonite with 
soap and water. 


* С. С. Paterson, E. H. Rayner, and A. Kinnes, ** Notes on the Testing of Ebonite 


or Electrical Purposes," Journal of the Institution of Electrical Engineers, val 50 
. 254, 1913. IDEE 
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The plan was first adopted of shielding switches and resistance 
boxes with glass having on it a film of yellow gelatine, with the object 
of cutting off the more actinic rays. Although the action was retarded 
the trouble soon reappeared. The principle now adopted isthat unless 
the ebonite used in an instrument is well screened from the light it 
must not be looked upon as an insulator. Wherever possible, terminals 
passing through exposed ebonite are bushed with amberite. Amberite 
is a material made of compressed amber cuttings, and has the appear- 
ance of clouded amber. It is a very satisfactory material to use with 
electrostatic instruments and dividing resistances, where freedom from 
surface leakage is such an important factor ; in cases in which it has 
been used to insulate a terminal from ebonite no trouble has been 
experienced due to defective insulation. Care must be taken, however, 
even here, to see that acid formed on the ebonite surface cannot creep 
between the joint of the amberite and the ebonite and so reach thc 
terminal to be insulated. > 

As an example, the results of the measurements of the surface 
leakage between two brass terminals, placed 3 in. apart in a shect 
of ebonite, are shown in Fig. 26. This piece of ebonite had only 
been in use in the laboratory for about twelve months. The measure- 
ments were made by means of a “ Megger” at 250 and 1,000 volts, both 
of which pressures gave the same results. It will be scen that in this 
case the insulation resistance follows the temperature curve with a time 
lag of about two hours. 


APPENDIX II. 


ON THE DESIGN OF SCALES SUITABLE FOR REFLECTING INSTRUMENTS 
OF LARGE ANGULAR DEFLECTION, AND THE CONDITIONS NECES- 
SARY TO OBTAIN THE BEST RESULTS. 


To make full use of the accuracy of which electrostatic instruments 
are capable when using light reflected from a concave mirror, it is neces- 
sary to have a considerable distance between the mirror and the scale 
and a corresponding length of scale. А straight scale is out of the 
question for a deflection of anything more than a few degrees, as the 
reflected image can only be in focus at two points ; and a circular scalc 
with the instrument at the centre does not sufficiently well fit the locus 
of the image in the case of instruments of this type, in which the angular 
deflections may be nearly 9o degrees, and the movement of thc reflected 
beam twice as much. In using reflecting instruments with such large 
angular movements it is worth while to give the scale an accurate cur- 
vature suitable to the radius of the mirror and the distance away of the 
scale. Bad definition may be somewhat remedied by “stopping down,” 
and thus increasing the “depth of focus”; but it is unsatisfactory and 
wasteful of light. It will be found that the correct curve for the scale 
is horse-shoe shaped, being farthest from the mirror when the deflected 
and incident beams are in the same vertical plane ; and that it rapidly 
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approaches the mirror when the deflection is considerable. The vertical 
divergence between incident and reflected beams should be kept as 
small as possible. Satisfactory results depend on the possibility of 
obtaining mirrors of very great perfection of form and of considerably 
longer radius of curvature than those usually supplied for instrument 
work. Such mirrors have been obtained from Mr. Н. W. Sullivan,* 
and give excellent definition. Those in use are of 3 metres (то ft.) 
radius. The scales are about 7 metres (22 ft.) long, and are about 
4 metres (13 ft.) from the instruments. 


А в 


Fic. 27.— Form of Scale required for a Reflecting Instrument with a Concave 
Mirror in order to obtain Good Definition of a Vertical Line at all 
Angles. 


(4) Lamp and Scale at the same Distance from the Instrument. 
(B) Lamp half-way between Scale and Instrument. 


Shape of Scale.—If u be the distance of the source of light, L, from 
the mirror, M, of radius, a ; and v be the distance of the image, I, of a 
vertical line at L from the mirror ; and the angle L M I be 6, then— 


I I 2 


V MH a cos v/2 


The shape of the curve varies somewhat according to the relative 
dimensions v, u, and a. 

Assuming a distance of 1,000 between the instrument and the scale 
when 0 = о, and a radius of curvature of the mirror also of 1,000, so 


* Or Great Winchester Street, E.C. 
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that the source of light and the centre of the scale are at the same 
distance from the mirror, the curve of the scale is shown in Fig. 27, A, 
in which the distance v is given for every ro degrees. 

If a mirror of shorter radius of curvature be used, 666 for instance, 
и becomes 500 instead of 1,000, and the distances from mirror to scale 
are decreased somewhat, as shown in Fig. 27, в. If, on the other hand, 
the radius of curvature of the mirror is greater than r,ooo, the lamp 
must be at a distance of more than 1,coo from the instrument, and the 
ends of the scale do not approach the mirror so closely ; but in the 
limiting case, when the radius of curvature of the mirror is 2,000 and 
the source of light at infinity, the scale distance for an angle of 
60 degrees for instance is 866, as compared with 764 when the lamp 
and centre of scale are at 1,000. 

A Nernst lamp forms a most suitable source of light. It is fixed 
in the end of. a horizontal tube in which slides another carrying an 
achromatic lens about 2 in. in diameter and of 8 in. focal length, by 
which an image of the Nernst filament is focused on the mirror, and 
an image of a vertical wire stretched across the front of the lens is 
projected on to the scale. It is necessary to use some transparent 
window in the cases of instruments ; and where only small angular 
deflections are employed a piece of plane glass is the most satis- 
factory. For instruments with large deflections this is impracticable, 
and a thin sheet of mica forms the best substitute. This should be 
as thin as possiblc and bent to a curve of as large a radius as practicable, 
otherwise it will seriously impair the definition. In any case it will be 
found to alter considerably the apparent focal length of the mirror ;- 
and actual adjustments should be made with the mica in position. * 


APPENDIX III. 


BIBLIOGRAPHY. 


The following is a bibliography of papers dealing more particularly 
with the tvpes of instruments described by the authors, especially as 
regards their application to alternating-current measurements of high 
accuracy. 

KELVIN. Reprint of Papers on Electrostatics and Magnetism, 2nd 
edition, p. 263. 1884. 
The fundamental paper on the accurate use of electrometers, 
and on the construction of the quadrant type of instrument. 
This chapter is a reprint of part of the Report of the Committee 
on Standards of Electrical Resistance of the British Association, 
published in 1867 with some additions on practical points added 
in 1870. 
* For a more complete discussion, see Е. Н. Rayner, “ The Shape of Scales required 


for Reflecting Instruments with Concave Mirrors," Proceedings of the Optical Con- 
tention, 1912, and also the Proceedings of the Physical Society, vol. 24, p. 449, 1911-12. 
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HOPKINSON, J. On the Quadrant Electrometer. Proceedings of the 
Physical Society, vol. 7, p. 7, 1885. 

The fact that the sensitivity of the quadrant electrometer is 
not proportional to the needle voltage is pointed out. Measure- 
ments are described by which the relation is determined. 

AYRTON, W. E., PERRY, J., and SUMPNER, W. E. Quadrant Electromcter. 
Philosophical Transactions, vol. 182, p. 519, 1891. 

The anomalous behaviour of the quadrant electrometer 
pointed out by Hopkinson is investigated and found to be largely 
due to the form of the guard tube surrounding the suspension. 

SWINBURNE, J. The Electrometer as a Wattmeter. Philosophical 
Magazine, vol. 31, p. 504, 1891. 

Methods are discussed of using an electrometer to measure 
the power in alternating-current circuits. 

SWINBURNE, J. A Potentiometer for Alternating Currents. Proceedings 
of the Physical Socicty, vol. 12, p. 514, 1893 ; and also Philosophical 
Magazine, vol. 37, p. 201, 1894. ` 

The torque produced on the moving system of an clectro- 
meter or dynamometer by an alternating current is balanced by 
an equal and opposite torque produced by a variable continuous 
current whose value can be determined by a potentiometer. 

Witson, E. Kelvin Electrometer as Wattmeter and Voltmeter. Elec- 
trical Review, vol. 42, p. 308, 1898 ; and also Science Abstracts, vol. т, 
No. 520, 1898. 

The electrometer used as a wattmeter was found to measure 
the mean product of the instantaneous values of voltage and 
current. 

ADDENBROOKE, G. L. Alternating-current Measurement by Electro- 
meters. Electrician, vol. 45, р. got, 1900; also Electrical Engineer, 
vol. 25, p. 150, 1900 ; and Science Abstracts, vol. 4, p. 9ot, 1900. 

Describing electrometers applied to the measurement of 
voltage, current, and power. А pressure of 100 volts is chosen 
as suitable for the voltmeter and wattmeter needle, and one to 
two volts for the ammeter and wattmeter quadrants. Apparatus 
for calibrating all three instruments by continuous-current 
potentials is described. 

DoLEzaLEK, F. A Simple and Very Sensitive Quadrant Electrometer. 
Verhandlungen der Deutschen Physikalischen Gesellschajt, vol. 3, p. 18, 
I9OI ; and also Science Abstracts, vol. 4, No. 1330, 19or. 

The use of a silver-paper needle and quartz suspension 
enables great sensitivity to be obtained. 

CAMPBELL, А. On Test-room Methods of Alternate-current Measure- 
ment. Sournal of the Institution of Electrical Engineers, vol. 30, 
р. 889, 1901 ; and also Science Abstracts, vol. 4, No. 1944, 1901. 

Among the methods described is the use of a high-ratio 
transformer and electrostatic voltmeter for the measurement of 
alternating currents traversing a known resistance. 
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WALKER, MiLEs. Electrostatic Wattmeter in Commercial Measure- 
ments. Transactions of the American Institule of Electrical Engineers, 
vol. 19, p. 1035, 1902. 

Deals fully with the theory and application of the quadrant 
electrometer to the measurement of power, especially at high 
voltages. 

ADDENBROOKE, С. L. The Electrostatic Wattmeter. Its Calibration 
and Adaptation for Polyphase Measurements. Electrician, vol. 51, 
р. 811, 1903. | 

The various methods of connecting an electrostatic wattmeter 
to single and polyphase circuits and the arrangements for 
calibrating by continuous current are described. 

ORLICH, E. Quadrant Electrometer. Zeitschrift fiir Instrumentenkunde, 
vol. 23, p. 97, 1903; and also Science Abstracts, vol. 7, A, No. 159, 
1904. 

Discussion of theory and results of the calibration of the 
quadrant electrometer by continuous potentials. 

WALKER, G. W. On the Theory of the Quadrant Electrometer. 
Proceedings of the Physical Society, vol. 18, p. 453, 1903 ; and also 
Science Abstracts, vol. 7, A, No. 1152, 1904. 

The failure of the instrument to conform strictly to Maxwell's 
formula is found to be due to the finite width of the radial slit 
between the quadrants. | 

COHNSTAEDT, E.  Sensitiveness of the Quadrant Electrometer. 
Physikalische Zettschrift, vol. 7, p. 380, 1906; and also Science 
Abstracts, vol. 9, B, No. 1305, 1906. 

Describing results obtained by varying the shape of the 
needle, etc. 

WILSON, E. Quadrant Electrometer as a Wattmeter. Electrical World, 
vol. 47, p. 204, 1906; and also Science Abstracts, vol. 9, B, No. 300, 
1906. 

The induction error in the series resistance is avoided by 
using the potential generated by a small ironless armature 
rotating in a field produced by a coil through which the main 
current passes. 

KLEINER, А. A Very Sensitive Electrometer. Zeitschrift für Insiru- 
menlenkunde, vol. 27, p. 30, 1907. 

An instrument of the vertical cylinder pattern capable of 
measuring one volt. 

SCHULTZE, Н. New Quadrant Electrometer. Zeitschrift für Instru- 
mentenkunde, vol. 27, p. 65, 1907; and also Science Abstracts, 
vol. 10, A, No. 1192, 1907. 

A paper descriptive of the instrument used at the Reichsanstalt. 
See also Zeitschrift für Instrumentenkunde, vol. 25, p. 143, 1904 ; 
vol. 25, p. 114, 1905; and vol. 26, p. 147, 1906. The last 
contains results of experiments on the effect of the variation of 
the angle of the needle on the proportionality of the scale. 
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SCHULTZE, H. Ona Source of Error in a Sensitive Quadrant Electro- 
meter. Zeitschrift für Instrumentenkunde, vol. 28, p. 61, 1908. 

Describing how the deflection of the instrument may increase 
when actuated by a steady continuous voltage on account of a 
slow polarization effect. 

PATERSON, C. C., and RAYNER, E. H. Non-inductive, Water-cooled 
Standard Resistances for Precision Alternating-current Measure- 
ments. Journal of the Institution of Electrical Engineers, vol. 42, 
Р”. 455, 1909. 

Describes the construction of resistances for the main circuit 
in wattmeter tests, where a drop of two volts is required for an 
clectrostatic wattmeter. | 

ORLICH, E. Errors of the Quadrant Electrometer in Alternating- 
current Measurements. Zeitschrift fiir Instrumentenkunde, vol. 29, 
Р. 33, 1909 ; and also Science Abstracts, vol. 12, A, No. 699, 1909. 

A paper dealing with errors when the capacity currents of 
the different parts of the instrument cannot be neglected in 
comparison with currents in other parts of the system. 

ORLICH, E. Use of the Quadrant Electrometer in Alternating-current 
Measurements.  Elektrotechnische Zeitschrift, vol. 30, p. 435, 1909 ; 
and also Science Abstracts, vol. 12, B, No. 632, 1909. 

A description of the use of the quadrant electrometer for the 
measurement of power in alternating circuits, and for calibrating 
instruments on artificial loads. The measurement of potential 
and current transformers is also described. 

WiLsoN, E. High Tension Electrostatic Wattmeters. Proceedings or 
the Physical Sociely, vol. 23, p. 246, 1911. 

Describing two methods of using an electrostatic wattmeter 
with a quadrature series transformer and a method by which the 
voltage on the quadrants is magnified by means of an air-core 
armature with a commutator revolving in a field produced by the 
main current. 

SCHULTZE, E. Zeitschrift für Instrumentenkunde, vol. 31, p. 332, 1911. 

The use of the electrometer for the accurate determination of 
the constants of potential transformers is described, involving 
the use of the potential divider detailed in the next reference. 

ORLICH, E., and SCHULTZE, Н. Ona Potential Divider for High Voltage 
Measurements. Archiv für Elektrotechnik, vol. 1, p. 1, 1912. 

Describing the errors due to the capacity of high resistances 
used as a potential divider in conjunction with an clectrostatic 
wattmeter, especially when used at low power factors. Methods 
of compensating for these errors are described. 


DISCUSSION. 


on Professor E. WiLsoN: The following story which I heard a few 
i days ago about Lord Kelvin and his electrometers may be of interest 
in connection with this paper. When electrometers were first brought 
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into being, Lord Kelvin went to a professor in Glasgow University and 
asked him if he could recommend some one who could make these 
instruments well. The professor told him of an instrument maker 
(Mr. White) who made microscopes, and recommended him as a likely 
man. Some time afterwards the professor came to Lord Kelvin and 
stated that, as a consequence of having recommended Mr. White 
to him, he (the professor) was now unable to get microscopes from Mr. 
White as his shop was full of Lord Kelvin's electrometers. I think 
that shows that the electrometer was a powerful instrument in those 
days ; and it is just as powerful now, and can be made to yield excellent 
results. This paper is the more valuable since it is so fully detailed ; it 
is not merely a description of an instrument, but contains very valuable 
data and gives experience of the working of the instrument over a 
period of 6 or 7 years. I wish to refer briefly to one or two points. 
On page 297 reference is made to the powcr factor ; can the authors tell 
us something about the accuracy of the measurement of power at smaller 
power factors than those mentioned? For a given voltage on the 
needle (100) and a given voltage between the quadrants (2), the deflec- 
tion will become smaller as the power factor is reduced, and it may be 
necessary finally, in order to regain accuracy, to increase the voltage 
between the quadrants if the voltage of the needle is fixed. That brings 
me to the subject of the 3,000-ampere shunt which the authors mention, 
and which has already been described in a previous paper.* The 
shunt already dissipates 6,000 watts, and if the voltage is to be 
increased a larger dissipation of energy is involved. Тһе instrument 
which I have brought to-night to show to members enables a high 
voltage to be obtained with very small dissipation of energy. И 
consists of a small air-core generator from which 150 to 200 volts 
can be obtained; the voltage curve being in phase with and having 
the same wave-form as the current in the magnetizing coil. If the 
voltage is applied in that way, provided the needle will withstand the 
forces brought to bear upon it, very low power factors may be success- 
fully dealt with. When worked in conjunction with an electrostatic 
voltmeter, the air-core generator can be used to measure current. 
With regard to the maximum voltage, the authors mention on page 309 
of the paper a figure of боо, and say that they have taken steps to go as 
far as 11,000 volts. If it is necessary to maintain тоо volts on the 
needle when measuring power at these high voltages, the reduction 
of pressure must be effected either by a potential transformer or other 
form of shunt. This naturally suggests that we might perhaps design 
a wattmeter in which the whole of the voltage can be impressed upon 
the instrument and in which shunts are not introduced. . Which of the 
two methods is the better for high-tension work depends upon circum- 
stances. The instrument on the table deals with the problem from the 
standpoint that the full voltage of the circuit is to be impressed upon 
the instrument itself, and it is built for an R.M.S. voltage of 15,000 
The paper not only refers to electrostatic wattmeters, but to electrical 
* Fournal of the Institution of Electrical Engineers, vol. 42, p. 455, 1909. 
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instruments in general ; and the information given, for instance with 
regard to the use of amberite, is very valuable to those working with 
electrical machines. 

Mr. F. H. NALDER : As an instrument-maker, I can only say that we 
should feel proud that in this country we have had worked out for us 
a system of measurement to which we can all refer with confidence. 
This is a paper in which there is a great deal of detail, and I do not 
think that there is anything to criticize. 

Mr. J. S. HiGHFIELD : I am sure that engineers who have to deal 
with the measurement of power in large quantities can readily 
appreciate the extremely accurate and careful work put into the design 
of the instrument with which this paper deals. In power stations it is 
most important to have standard instruments capable of measuring 
such large quantities of power with accuracy. The instrument 
described seems to accomplish that purpose. Whether it can be pro- 
duced in a form suitable for use in the testing-room of a power station 
I do not know. Perhaps the authors will be able to produce a morc 
portable form of instrument measuring to a reasonable degrce of 
accuracy, but not to so great a degree as that described, which is 
scarcely necessary for power station work. Long ago I had a great deal 
to do, under Professor Wilson, with the quadrant electrometer, and I 
can readily appreciate the great care and skill that must have been 
exercised before the results described in this paper were produced. 
Some ten years ago I had some important work to do involving the 
measuring of considerable amounts of power at extra high pressure, 
and also the measuring of smaller amounts of power at low power 
factors. I found great difficulty in the use of current and potential 
transformers, which were necessary owing to the high pressure 
required. These transformers, of course, produced hopeless results, 
particularly when dealing with low power factors. Asa result, much 
discussion took place between Professor Wilson and myself, and I 
played a humble part with him in the design and construction of the 
instrument which he has shown to-night. The point about the instru- 
ment is that the full pressure of the circuit, viz. 10,000 volts, can be 
applied directly to the needle, or rather to the quadrants of the instru- 
ment, since we found this resulted in a better construction. In this 
way, the whole of the errors due to exterior resistances or transformers 
were avoided. The next difficulty was to measure the current 
accurately. It was necessary to apply between the segments of the 
needle a pressure of approximately 200-300 volts in order to get 
proper results when so high a pressure as 10,000 volts was applied to 
the quadrants. Current transformers were abandoned as introducing 
errors, and in their place Professor Wilson suggested the use of a small 
motor-generator to be connected in the current circuit.' In this appar- 
atus the main current passes through the field coils and an armature is 
driven at constant speed in this field. - The little armature repro- 
duces the wave-form of the current in the field coils with great 
accuracy. Itisa very simple matter to secure constant speed, which 
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of course, is essential, as any error in the speed directly affects the } 


measurement. The instrument is quite portable and is not easily 
damaged. It possesses the great advantage that the forces applied to 
the needle are quite large since the whole of the pressure of the circuit 
is applied direct to the quadrants, and the little motor-generator pro- 
vides a large amount of power from a source exterior to the circuit the 
energy of which is to be measured. The motor-generator can of course 
be used as an ammeter by putting across its terminals a good volt- 
meter. The instrument is suitable for measuring either high-pressure 
continuous current or alternating current at high pressures and at very 
low power factors. 

Mr. G. L. ADDENBROOKE : I have been interested in electrometers 
for over twenty years, and so many points come to my mind that I 
shall have to confine myself to only a few of them. Reference has 
been made to Lord Kelvin's clectrometer. I can, I think, explain why 
it sprang up suddenly in such a complete form. Lord Kelvin at that 
time was spending several thousand pounds a year in experiments, and 
he paid little regard to large expenditure in relation to anything which 
he thought was good. Now Dr. Muirhead told me about three years 
ago that Lord Kelvin regarded the electrometer, when it first came out, 
as so superior to the galvanometer that he thought he would be able to 
get an annual rent from the cable companies for its use as he did for 
his mirror galvanometer. Dr. Muirhead added, however, that as the 
cable companies found the mirror galvanometer proved sufficient for 
most of their work they did not care to take up the electrometer on 
those terms, and it was afterwards sold in the usual way. Probably 
these circumstances account for the perfection of the instrument when 
it first appeared, and also for the fact that it remained for a long time 
as originally developed. As the authors have said, the very perfection 
of the instrument has of late years been an obstacle to further progress. 
People have such an idea of its perfection, and the perfection of every- 
thing about it, that they do not quite believe any statements to the 
effect that improved and much more sensitive instruments can now 
be built, and they also think that these will be as difficult to use as 
Kelvin's was. I welcome this paper therefore because I think it will 
induce people to recognize the great value of the electrometer and of 
electrostatic methods of testing. Another great difficulty in getting 
people to use the electrometer is, in my experience, the very poor 
teaching of electrostatics. During the last ten or fifteen years so much 
attention has been paid to electrical currents that teachers have come 
to treat electrical problems from the current side rather than from the 
potential side. At the same time, many of the old propositions about 
dielectrics have been found to be less sound and of less accuracy 
than was originally supposed. Writers of text-books have therefore 
discreetly dropped certain aspects of the subject and have added 
little in their place, with the result that electrostatics are, I believe, 
less understood and less thought of than they were at one time. 
This is to be regretted, since the distribution of potential is of great 
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importance in considering the distribution of power in a large system 
of mains and in the case of alternators. The current will go along the 
mains as long as it does not overload them, but what has to be 
considered is the pressure above earth and that between the two lines 
over the whole system. By measuring from the current standpoint I 
do not think anything like such a clear view is obtained of the distribu- 
tion of potential throughout a large system of conductors as would be 
the case if measurements were made electrostatically. With a large 
system of well-insulated conductors the insulation resistance should be 
maintained as high as possible ; then, if some day a moderate leak 
occurs in some part of the circuit, the distribution of potential to earth 
may become altered over the whole circuit. With electrostatic measurc- 
ments, in my opinion, all these matters are to a larger extent kept 
before one than when working with dynamometer measurements. I 
do not wish to say anything against dynamometer measurements 
themselves. If the same amount of money and care had been spent 
by the authors on a similar installation of dynamometers for these 
measurements I have no doubt satisfactory results could have been 
obtained ; but in the limit I believe that the electrostatic method is the 
best and simplest, and I am pleased to find that the authors also think 
so. I have been constantly using electrostatic methods for dielectric 
measurements during the last five ycars. This is a more severe test 
than to use them for power purposes, but especially from one point of 
view I have found it very well worth while. This is the wonderful way 
they, being deflectional instruments, show the observer what is, so to 


` speak, going on inside. 


Professor Wilson has asked about the working of the electrometer 
at the lowest power factors; I also shall be glad to hear what the 
authors have to say on the subject. No doubt they now have both 
more perfect machines and better means of coupling them together, 
and can carry out tests to a higher degree of accuracy than was possible 
for Professor Wilson so long ago. I am in the habit of using for testing 
thc correctness of electrostatic wattmeters a carefully constructed air 
condenser, where the plates are kept sufficiently far apart to render the 
leakage loss absolutely negligible. If this condenser is introduced into the 
circuit and also a non-inductive resistance with the wattmeter quadrants 
across its ends, the deflection being noted and the periodicity and current 
measured at the same time, so that the loss in thc resistance is known, 
under these conditions it will be found that the electrometer shows zero 
power factor to an accuracy of at least у; of 1 per cent. I have also 
checked this result in another way. The great range is another advan- 
tage; for some time I have been working electrostatic wattmeters 
down to periodicities as low as one in 2 hours. I have to take time 
readings, but I get curves from these which show very interesting 
actions taking place in the dielectrics. Supposing we go below one 
period in 5 seconds, we can actually see the physical action of the 
wattmeter at very low power factors. It is a reversal of the cycle of 
encrgy, and the more this is looked into the more, I think, it will be 
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found that there is nothing to prevent the wattmeter reading correctly 
at very low or high periodicities. I notice that the authors have 
adopted my old practice of using 1 or 2 volts drop in pressure across 
the resistance in the circuits ; lately, however, I have been more inclined 
to use } of a volt for some purposes. They get, with a 2-volt drop, 
using a scale about 7 or 8 metres long, a reading based on an accuracy 
of rin 5,000. For most laboratory purposes, however, an accuracy of 
I in 1,000 is ample, and this is readily attained if the operator is careful. 

I now propose to show on the screen a drawing of an in- 
strument which I have been using for 3 years, and the sensitiveness 
of which is such that 200 millimetres deflection at 2 metres with 
i of a volt drop and тоо volts across the circuit, or goo mm. with 
200 volts, can readily be obtained. I have also designed new switch- 
gear to go with it, which enables the instrument to be controlled in the 
same way as a galvanometer, and to be used with high pressures. 
Although a 2-volt drop answers excellently for many purposes, if a 
smaller drop than 2 volts is used, there is the advantage that not so much 
energy is wasted in the resistance. Of course, for a large number of 
purposes the waste does not matter, but when working with 4 of a volt 
drop, with the same current as the authors mention (5,000 amperes), 
only about half a kilowatt is wasted instead of 5 kilowatts; further, 
a short-circuiting resistance can be used when a reading is not actually 
being taken, and if there is a moderately large tank of oil to hold the 
resistances it takes over half a kilowatt-hour to heat the oil sufficiently to 
alter the series resistance, and even then the alteration is small. There- 
fore any test can be made with these arrangements without a water 
supply. In practice it is only in furnace work and for certain other 
purposes that really large currents come into question. Slide 1 shows 
the arrangement of the low-reading electrostatic voltmeter which I use 
shunted across the scrics resistance as an ammeter in place of the 
transformer used by the authors. I have greatly improved it during 
the last few years, and can get a deflection of 50 mm. for 1 volt. It is 
much simpler to handle than the early type, and is useful for a large 
range of work. It has with continuous pressures only a very small 
contact error, which is easily allowed for, and it is quite portable for an 
accurate instrument. Slide 2 indicates advances made in the construc- 
tion of the electrostatic wattmeter already mentioned. It shows an 
instrument of the same type and on the same system, and capable of 
being made of the same sensitiveness as the instrument the authors are 
using, with which an accuracy of 1 in 400 or 500 on an ordinary scale 
at 2 metres can be obtained without difficulty. Higher accuracy really 
depends upon the operator ; beyond a certain point the personal factor 
is everything if the potentiometer arrangements are good. Beyond 
I in 500, difficulties may be said to increase as the square of the 
accuracy. That is where the work of the authors comes in ; I usually 
keep below what I may call the “difficulty line,” whereas they have 
gone beyond it. The difficulties of passing in practice from an 
accuracy of I in 1,000 to I in 5,000 are very great. A working solu- 
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tion of them is a matter on which the authors deserve congratulation. 
I patented this wattmeter about two years ago, and I have been 
using it ever since. It embodies the flat quadrants and other features. 
While giving about the same sensitiveness as the authors’ instrument, I 
think I have got rid of some of the extremely fine work necessary in 
their instrument. This is effected by using a series of levels instead of 
micrometer screws. I found that I could get levels to show a varia- 
tion of about 4455 of an inch in the position of the quadrants, and 
that in this way I could get the faces perfectly parallel and horizontal, 
while greatly simplifying the setting-up and transport of the instrument. 
In this instrument the whole of the working parts are carried on 
three uprights with screws for raising or lowering the quadrants. 
Adjustment can be effected in about то minutes, and there is a very 
sensitive and easily worked method of making the electrical and 
mechanical zeros coincide. It is an instrument which anybody 
accustomed to reflecting instruments can handle. Electrostatic instru- 
ments have the advantage in regard to their suspensions, when metallic, 
that after working for some time the constant remains very steady over 
long periods of time excepting for temperature variations, which are 
slight and easily corrected. The system of switching and calibration 
is very similar in principle to one described some years ago in the 
Electrician?" but improved in detail and much simplified. Finally, I 
should like to say a word in acknowledgment of the fine work done 
by the Reichsanstalt on this subject. By laboriously working out the 
details of the small interfering actions introduced when a high degree 
of sensitiveness and accuracy is required, and by giving full accounts of 
them, they have performed a great service. Of the Kelvin instrument 
Hopkinson said that it inaugurated a new era in electrostatics. I think 
the authors' work may do a good deal to extend this to power measure- 
ment with alternating currents. i 

Mr. A. P. TROTTER: My personal experience of electrostatic mea- 
surements is chiefly confined to the Kelvin multicellular voltmeter, 
of which there are several examples in constant use in the Board of 
Trade Electrical Standards Laboratory, chiefly for voltmeter work. For 
power measurements I am familiar chiefly with Mr. Addenbrooke's 
instrument, in regard to which I must confess that he has hardly 
done himself justice this evening. I have a high opinion indeed 
of the set of power instruments that he has designed for industrial 
work and has used in the valuable research on dielectric losses, on 
which he has been engaged for so many years. At one time a set of 
these instruments was used in the Board of Trade Laboratory by him 
for breaking down dielectrics, and with that arrangement of thrce 
instruments side by side, the three scales one above the other that 
he has shown, it was most interesting to watch the volts, amperes, 
and watts in the whole process of the breaking down. Such instru- 
ments are used in several places—factories and stations. For the 
work described in the paper, however, the order of accuracy is of 

* Elecirician, vol. 51, p. 811, 1903 | 
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course very different. For researches on the properties of dielectrics, 
the precision named by Mr. Addenbrooke is sufficient. In the case of 
testing measuring instruments it is necessary to “ go one better” than 
any instrument presented, and that is the justification for carrying pre- 
cision to such a high degree as in the case of the National Physical 
Laboratory. Where such instruments are to be set up, I rather doubt 
whether it is sound to try to do too much with a single instrument. It 
is claimed in the paper that a single standard instrument can be used, 
and that that instrument has a very long rangc. Lord Kelvin and 
Major Cardew, in designing the Board of Trade Electrical Standards 
Laboratory, took ranges of overlapping ivstruments, and I think there 
is something to be said for that ; in the event of breakdown of one 
instrument the rest, at any rate, are left. Fortunately, we very seldom 
get breakdowns. I should like to put one or two questions to the 
authors for further clucidation of this subject. They speak of a 
precision of 5 parts in 10,000. I should like to know whether that 
is on a full-scale deflection, or on what part of the scale, because that 
is rather an important matter in discussing precision. With the standard 
100-volt instrument, which is the legal standard in this country, a pre- 
cision approximating to o'8 in 10,000 is attainable. That is for volts. 
We have to make allowance for the creep of the suspension wires, 
which are the old platinum-iridium wires put in twenty years ago. The 
time allowance for reading zero or a deflection is three minutes, but we 
do not attempt to calibrate only at any one high point or the middle point 
of the scale. In these instruments we use carefully plotted curves, and 
the scale of ‘the instrument is a scale having uniformly divided parts. 
Naturally, these are unsuitable for practical commercial laboratories, 
but for our purpose there is something to be said for a uniformly 
divided scale to be interpreted by a curve, because any error can be 
allowed for in scale divisions, and we can assess that at any part of the 
working scale that we are using. To my mind, the most valuable part 
of the paper is that dealing with the corrections to be applied when 
transformers are used for such purposes; this is a subject of which I 
have been suspicious and which I have been inclined to shirk; but 
one to which, after studying the paper, I shall look forward with 
greater confidence. 

Mr. A. CAMPBELL: I think that my first remark should be to remind 
members that very few people have any idea of the very great difficulty 
involved in the measurement of alternating currents to the degree of 
accuracy mentioned in the paper, namely to г or 2 parts in 10,000. It 
is difficult to measure alternating current to 1 part in 1,000. The 
difficulty of measuring to 1 or 2 parts in 10,000 is enormous, except by 
the aid of null methods ; but the authors have achieved this by means of 
a deflectional instrument, whose scale readings give the values directly. 
That is, I think, a very great triumph for such instruments and 
methods. I know- personally that it has been accomplished only by 
the most careful attention to minute points of construction, and by 
overcoming what may be termed “engineering difficulties” on a 
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small scale. The application of the specially prepared alloy to the 
construction of the clectrometer necdle affords an illustration of this. 
I am pleased to notice that the authors have brought to such a high 
pitch of perfection my method of measuring an alternating current by 
using a very high-ratio transformer to step up from a shunt resistance 
to an electrostatic voltmeter. I should like to give one or two hints 
to those who may wish to use this method, partly by way of warning 
and partly as a help in the construction of a suitable transformer. A 
transformer with a ratio of 1:100 is very useful for measuring small 
alternating voltages, so long as the current taken by the primary wind- 
ing is so small that it does not appreciably disturb the rest of the 
circuit. For many years we have used such a high-ratio transformer 
for measuring the magnetic fluxes in iron circuits for magnetic tests 
with alternating current. ‘The advantage of this over an ordinary 
electromagnetic voltmeter is that the search coil requires very few turns, 
and the power spent is so small as to be usually negligible in estimating 
the total loss. In order to keep the magnetizing current small the self- 
inductance of the primary winding must be as high as possible, necessi- 
tating a comparatively large number of primary turns. Thus the 
secondary turns will be very numerous (e.g. 40,000), and the secondary 
inductance may become so very large that at ordinary frequencies 
it will resonate with a quite small capacity. In our measurements 
with iron rings, when such a transformer was connected to an ordinary 
100-volt voltmeter by 4 or 5 yards of ordinary flexible cord, we 
found that the capacity of the flexible connections raised the voltage 
so much in the secondary as to occasion errors of д or 5 per cent. In 
using such a transformer it should be placed as near as possible to 
the electrostatic voltmeter and connected to it by leads having very 
small capacity. That brings me to another point. With a transformer 
of high ratio and many secondary turns, it is impossible to avoid con- 
siderable distributed capacity in the secondary. If the frequency be 
high enough, resonance may occur and introduce enormous error. 
Even with moderate frequencies a harmonic in the wave-form may 
resonate and cause trouble. The device by which the authors of the 
paper have compensated for the change of ratio of the different 
frequencies is very ingenious ; I hope it will also lessen the risk of 
resonance. In conclusion I would point out that it is an easy matter 
to construct a good high-ratio transformer. In the transformer con- 
structed by the authors, the space factor has been largely improved 
by winding the secondary coils of wedge shape. For most practical 
purposes, however, I think that the simple form in which we built the 
earlier transformers is good enough, and it involves less expense and 
trouble in construction. Twenty coils of No. 38 silk-covered copper 
wire (2,000 turns each) are wound on a round mandrel. Each coil is 
slipped off the mandrel, tied loosely with silk ribbon, bent into square 
form, and dipped into melted paraffin wax. The rest of the construc- 
tion is as described in the paper, the whole procedure being a matter 
of very little difficulty. I should like to ask the authors how the 
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standard wattmeter behaves as regards zero creep. Has the anneal- M 


ing of the suspending wire made it in this respect much better than 
the Kelvin voltmeters’ mentioned in the paper ? 

Мг. R. W. PauL : This paper is hardly open to criticism as regards 
method. I should like, however, to ask one or two questions as 
regards the wattmeter. Considered as a deflectional instrument, it 
appears to me that there will be slight errors in the readings if the 
instrument is set up and left for a time, due to changes in the relative 
positions of the parts as the temperature alters. Have the authors 
considered the possibilities of the cylindrical system devised by 
Professors Ayrton and Mather, in which the moment of inertia is 
reduced by forming the needle of portions of a cylinder and hanging it 
between fixed cylindrical sectors? That arrangement would, I think, 
be free from any changes of reading due to the lengthening of the 
suspension, which might perhaps occur, and which did, I believe, 
occur in some of the earlier models of the wattmeter. I should also 
like to ask, what is the capacity between the needle and the quadrants 
at full-scale deflection? I presume that, on account of the form of the 
needle, it must be rather larger than would be the case with the cylin- 
drical construction. The period of the instrument seems to me 
somewhat long, which is a slight disadvantage, although not so much so 
in the case of an instrument set up in a standards laboratory as in a 
works laboratory where a number of instruments have to be quickly 
calibrated. The suspension strip is itself, no doubt, subject to some 
changes of elasticity due to temperature variations, and experience has 
shown that such suspensions as phosphor bronze usually have a 
temperature coefficient of change of elasticity of about 0'03 per cent. 
All these questions are put simply for information on the instrument 
itself, and in no way bear on the accuracy of the method, which, as 
I have said, appears to me to be above criticism. 

Mr. J. T. IRwin : I should like to raise the question of the reading 
of the wattmeter with varying power factors. It seems to me rather a 
big step to calibrate a wattmeter at unity power factor and then use it 
for any power factor that may arise. I think that a wattmeter so 
calibrated would read accurately at unity and zero power factors, but it 
is by no means certain that it would be accurate at any intermediate 
power factors. It is accurate at unity power factor since it has been 
calibrated at unity power factor, and at zero power factor since it can 
be adjusted to be independent of voltage change on the needle at zero 
on the scale. Have the authors carried out any tests indicating the 
result of the voltage acting on the needle alone? "They have shown 
how to get the instrument correct at the zero point on the scale, but 
have they been able to adjust the quadrants so that having got the 
electrical zero to agree with the mechanical they can then turn the 
needle to any point of the scale and switch the pressure on and off 
without change of deflection? If this cannot be done then the instru- 
ment does not truly read watts, but only indicates the watts under 
certain conditions of voltage, and the calibrations will alter with every 
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change of voltage. A very good test for a wattmeter is to pass an 
alternating current through a mutual induction and through an air 
condenser as shown in Fig. A. The voltage across the secondary of the 
mutual induction is equal to M j^ or taking R.M.S. values the voltage 
is „М1, and this voltage is displaced 9o degrees from the primary 
current. The voltage across the condenser is I/wK, and this voltage is 
also displaced 9o deg. from the main current. If the voltage across 
the secondary is applied across the quadrants and the voltage across the 
condenser between the needle and the middle point of the secondary, 
the instrument should have a deflection proportional to 2 M I?/K, and 
therefore the instrument could be calibrated in terms of a mutual 
induction and an air condenser, both of which can be measured to a 
high degree of accuracy, and the current can be measured on an 
alternating-current balance. If the current is constant the reading 
of the wattmeter should be independent of the supply if the instrument 
is to be taken asa true wattmeter, as we are multiplying together two 
terms which give a constant product, but the value of each term will 


Load B 


CP 


FIG. A. Fic. B. 


vary with the frequency. We can also find out how the instrument 
behaves on varying power factor if the voltage across the needle and the 
middle point of the secondary is given by an air condenser in series with 
a non-inductive resistance. Adding the drop of pressure in the resistance 
to the voltage of the air condenser should not alter the reading of the 
wattmeter, as this voltage is at right angles in phase to that across 
the quadrants ; and altering the value of the non-inductive resistance 
would alter the “ power factor,” while keeping the * power” constant. - 
Generally speaking it will be found that the instrument is not indc- 
pendent of voltage or of power factor, the reason of course being that 
{һе needle has two controlling forces, one due to the suspension and 
the other duc to the change of capacity of the needle with deflection, 
and this second controlling force varies with the magnitude of the 
quantities to be measured, and will therefore not accurately measure 
their product. If V, is the voltage between the middle point of the 
resistance and the needle in the authors' case, and V, is half the drop 
of pressure on the non-inductive resistance in the current circuit, then 
the force on the needle for a deflection @ is proportional to 
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where as and gx 
d d 9 
of quadrants relative to the needle change with the change of deflection. 


are the rates at which the capacities of the two sets 
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where КӨ is the control force duc tothe spring. In practice de T do 
t 


dK, 
d Ө 
in the reading due to their variation from this valuc is not large ; but 
the last term which givesthe control ducto the change of the capacity of 
the needle may have a large percentage change, aud the control force 
is proportional to the sum of the squares of the two voltages V, and V,?. 
The ideal case is, of course, when oN шш at every point on the 
scale, and I should expect the instrument the authors have designed to 
fulfil this very nearly, but I am afraid there are many clectrostatic 
wattmeters in which this is far from being true. This equation also 
shows the advantage of making the voltages V, and V, as nearly 
equal as possible. In the case given by the authors V, V,- тоо 
апа V? + V,7=10,001. Now if V, x V,- 100 and V,=V,, then 
У, = Ү, = 10, and V,? + V? = 200, so the last term would only exert 
th of the control it has with a pressure of тоо volts on the needle. 

In Fig. B a new arrangement of measuring power on high-voltage 
circuits is shown, deduced from Fig. А. In this case the primary of the 
mutual induction is in the main circuit, the secondary is across the quad- 
rants, and the voltage on the needle is obtained from an air condenser 
which when placed in series with a very high resistance R is put across 
the load A B. Now the drop of pressure across R might be in practice, 
say, 10,000 volts, and on the condenser, say, 50 volts, so that the current 
in R is to a high degree of accuracy proportional to the voltage across 
the load, and it only differs in phase from it by тв of a radian. As the 
secondary of the mutual induction can also be wound for, say, 50 volts, 
the torque on the instrument can be made quite large, and therefore thc 
control strip will exert a force large compared with the control due to 
change of capacity of the needle. Under the condition given, the vol- 


will not be very far removed from 2 , so that the percentage change 


tage across the condenser is = 25 where V is the main voltage and K 


the capacity of the condenser. The voltage across the secondary of the 
mutual induction is Mw I. The instrument will give a reading propor- 
tional to ex! V cos ¢, where ¢ is the angle between the primary current 
and the pressure across the load. 

Professor J. T. Morris: It may be of interest to know what pre- 
caution the authors took to obtain alternating-current measurements 
having an accuracy of 1 part in 10,000. Some few of us have had occa- 
sion to attempt measurements approximating to that degree of accuracy, 
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and it would be of value to know what care is needed in connection 
with the alternator—of course the motor driving the alternator would 
be supplied from cells in order to obtain a sufficiently constant speed. 
Another point is this: I see that the needle and the quadrants are 
made of the same material, namely, copper-aluminium alloy. Did the 
authors find, asin many electrostatic voltmeters, a contact difference of 
potential between the needle and the quadrants owing to the different 
methods of treatment? If so, I should like to know its magnitude. 
Professor MILES WALKER (communicated) : This paper is full of the 
most useful information for those who wish to use the electrostatic 
wattmeter, the arrangements shown being admirably adapted for 
making a wide range of measurements with considerable accuracy. In 
order to ensure this accuracy the authors no doubt found it necessary 
to employ the voltage at the terminals of their series resistance (“current 
resistance”) directly on the wattmeter quadrants without the inter- 
vention of a transformer (Fig. 10). It would of course be possible to 
use the transformer shown in Fig. 17 for increasing the voltage between 
the quadrants in wattmeter measurements with some slight sacrifice of 
accuracy. The advantage would be that the forces on the needle 
would be enormously increased and the whole instrument made very 
much more robust. However accurately an instrument may be made, 
and whatever facilities may be provided for fine adjustments, it must 
always be a drawback that the quadrants are only 1 millimetre away 
from the needle, and that this is a thin sheet of metal difficult to get 
flat enough to do its work. Any movement of the needle in a vertical 
direction or any tilting changes the constant of the instrument. When 
the needle is exactly half-way betwcen the upper and lower quadrants 
the rate of change of the constant is zero. For small departures from the 
middle position the rate of change of the constant is proportional to 
48155, where g is the little distance from the middle and s is the distance 
from needle to quadrants. It is, therefore, wise to make s as great 
as possible consistent with getting sufficient force upon the ncedle. 
In the authors’ instruments the lowering of the needle by үу mm. 
from the middle position will change the constant 1 per cent, and if 
the normal position is o'r mm. below the middle position a variation 
downwards of o'i mm. will change the constant 3 per cent. For this 
reason, when we had occasion in 1902 to make an electrostatic watt- 
meter we found it best to make the distance between the quadrants 
$in. If we can only use small voltages between the quadrants, and 
have to be satisfied with very small forces, we are obliged to employ a 
very weak control, such as the fine phosphor-bronze strip described by 
the authors, and it is necessary to wait about 12 secs. to take cach 
reading. Indeed, we find that for accurate work one must take readings 
on both sides of zero when a torsion strip is employed, and this further 
delays the reading. It is much better (when it can be done) to employ 
a bifilar suspension with a fair distance between the strips. If we have 
1 in. between the strips and a suitable arrangement for equalizing the 
tension in the strips, it is possible to make the needle return to zero 
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with great precision, and to maintain the same zero point from month to 
month. With an arrangement of this kind it is possible to make a 
direct-reading wattmeter which preserves its constant and has not to 
be continually checked. For commercial measurements, in which an 
accuracy within o'5 per cent is sufficient, there is no objection to using 
a transformer to raise the pressure between the quadrants. By the 
usc of the compensating transformer described below, the errors can 
be reduced to less than 0:5 per cent. If a pressure of 50 or 100 volts 
is emploved, quite large forces can be put upon the needle, and a 
sturdy bifilar suspension can be used. A polyphase electrostatic 
wattmeter constructed in 1902-3 for measuring the power supplied 
to induction motors on the test-bed of the American Westinghouse 
Company consisted of two multicellular wattmeters one above the 
other, each of which was connccted to a separate phase of the motor, 
so that a single reading gave the true power taken by the motor. 
It was placed on a brick pier in an ante-room just off the test-bed, and 
was read through a telescope in broad daylight from the test-bed itself. 
The advantages of this instrument are: (1) Its wide range whena 
suitable auxiliary apparatus is employed ; (2) the accuracy with which 
it maintains its constant ; (3) the fact that one reading gives the true 
watts—a matter of great importance in the commercial testing of motors 
when the conditions of running are altering; (4) its accuracy at low 
power factors. 

As the complete arrangements for this wattmeter were not described 
in my 1902 paper,* the following particulars may be of interest. 
Instead of using a voltmeter transformer to multiplv the pressure at the 
terminals of the “ current resistance " we emploved a series transformer 
specially designed to take a very small magnetizing current. The 
secondary of this transformer was loaded on a non-inductive resist- 
ance (taking only a small current) in which the voltage drop was 
perhaps 100 volts. By connecting the middle point of this resistance 
to that part of the system which we labelled *zero potential," and 
applying to the needle the voltage of one of the phases, measured 
from that zero point, all errors due to the high voltage between the 
quadrants were entirely eliminated. In order to reduce further the 
phase error introduced by the magnetizing current of the series trans- 
former, a small auxiliary transformer was used to inject a compensating 
electromotive force. This transformer had its core partly of iron and 
partly of air. The primary coil was connected in series with the main 
current, and the secondary coil was connected in series with the wires 
going to the quadrants, so that we could inject a small electromotive 
force, which was almost at right angles to the quadrant voltage and 
proportional to the magnetizing current. This very nearly com- 
pensated for thc small error due to the magnetizing current. As we 
worked mainly at two frequencies it was only necessary to have two 
sets of these auxiliary transformers adjusted for these frequencies. 


* Transactions of the American Institute of Electrical Engineers, vol. 19, p. 1035, 
1902. 
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Mr. R. M. LONGMAN (communicaled): For some considerable time 
I, in common with many others, have been considering the question of 
alternating-current standards. First of all we want to know the best 
or final ultimate standard ; this the authors have now shown and 
explained clearly. Unfortunately, such an apparatus is much too 
expensive for the test-rooms of most central stations or power com- 
panies, but it is always good to know upon what to keep one's eye. 
That apparatus being unattainable, what do the authors recommend as 
the most useful and reliable sub-standard ? Some engineers make con- 
siderable use of the Kelvin balance, but I do not think or find it 
very satisfactory—it is far too slow and cumbersome and not port- 
able. The more convenient and portable instruments are high-class 
precision dynamometer instruments—voltmeters, ammeters, and watt- 
meters, the two latter being 5-ampere instruments used in conjunction 
with portable laboratory precision current transformers. I shall be 
glad to have the authors’ criticisms of such instruments as sub- 
standards, and I should further like to ask them whether they have had 
any experience of ammeters dependent upon a thermal effect, such as 
the instrument supplied by Messrs. Isenthal, for large currents. In 
several cases, Figs. 19, 21, etc., the authors have used the term alter- 
nations per second. I presume they mean complete periods or cycles 
—there being two alternations per cycle in the usual American style. 
Can the authors give some idea of the cost of the voltmeter and watt- | 
meter equipments separately. A further paper dealing with alternating- 
current sub-standards and current transformers for instruments, their 
ratio and phase angle and the effect of loading the secondary, would 
be extremely uscful. 

Mr. A. E. MooRE (communicated) : Those who have attempted to 
set up an electrostatic wattmeter for precision measurements will fully 
appreciate the patience with which the authors must have worked in 
order to obtain, in actual practice, the accuracy of measurement which 
they specify. The electrostatic system, set up in the complete and 
careful manner described, certainly possesses advantages over all other 
systems ; but the forces in the instruments are very small and very 
casily disturbed, and unless one is prepared to spend a similar amount 
of care and patience in the construction and setting up of the instru- 
ments, it is safer to adopt the dynamometer. "There are at present, 
however, very few dynamometers suitable for this work, even when the 
current does not exceed about 200 amperes, and none for currents 
above this amount. In so-called standard deflectional wattmeters I 
have found phase errors of as much as 2 degrees (at 50 C) in the 
current coils of instruments for only 50 amperes. Iam at the present 
time working on a new type of dynamometer wattmeter which I 
believe will meet the requirements of a heavy current standard. I 
quite agree with the authors that the comparatively large drop of 
pressure necessary in the standard resistances for clectrostatic instru- 
ments can hardly be considered a disadvantage, since the pressure 
might just as well be taken up in the standard resistances as in regu- 


1913. ] MEASUREMENT OF POWER: DISCUSSION. 345 


lating resistances. The practice of connecting the current coils of the 
instruments directly to the alternator is bad, and it is almost impossible 
to obtain a balanced 3-phase load under such conditions. The descrip- 
tion of the wattmeter set up by the authors is must interesting. I had 
not thought it possible to work with the two sets of quadrants as near 
together as 2 millimetres, but I presume it is due to the very special 
precautions taken in the manufacture of the necdle, and the method of 
mounting the quadrants so that the surfaces of each set of four are 
ground to lie in one plane. The usual result of working with such a 
sinall distance between the quadrants is that the needle tilts on the 
application of the electric pressure. The facilities for disassembling and 
reassembling the parts of the wattmeter are of immense advantage for 
the saving of time—and patience—when carrying out cxperiments 
on the instrument itself. The method of calibrating the wattmeter with 
the voltmeter and using alternate current is, I think, a distinct advance, 
and might be extended to the determination of the constants of small- 
current dynamometer wattmeters provided the necessary precautions 
were observed. In calibrating, and afterwards in verifying the scale of 
the voltmeter, I shall be glad to know if the authors find it necessary, 
when the pressure is varied, to allow any time to elapse between the 
alteration of the pressure and the reading of the voltmeter. I have 
found it advisable to fix the mirror above the coach spring supporting 
the movable system (in these instruments), as fatigue errors are also 
introduced by this spring. I note that the authors have fixed the 
mirror in their wattmeter above the hook suspension; this is un- 
doubtedly right, as it practically eliminates errors due to any backlash 
in the hooks. ` 

It is not, for various reasons, always possible to set up the very long 
scales described and used by the authors, and in the case of the volt- 
meter the portion of the scale near the zero end is of little use, except 
for adjusting the mechanical zero of the instrument. It is an advan- 
tage, however, always to be able to verify the mechanical zero, as well 
as to use the very open part of the scale, and I have, on occasions, done 
this by using a comparatively short scale, and fixing two mirrors, at 
different angles, on to the needle of the voltmeter. For measuring 
voltages higher than that indicated by the scale, resistance multipliers 
can be used. Опе disadvantage of this method is that unless expensive 
mirrors are used it is seldom that one can obtain the two mirrors of 
exactly the same focal length, and it is therefore usually necessary to 
employ two lamps if sharp definition is required from both mirrors. 
It is not important, however, to have sharp definition from the mirror 
used only to indicate the zero. The authors method of mounting the 
resistances on a brass plate is worthy of note. Dynamometers arc 
equally applicable for the dctermination of small differences of phase, 
provided such dynamometers are free from disturbances by eddy currents 
and skin effect. In carrying out the experiments on the new type of 
dynamometer wattmeter referred to above, it has been necessary to 
determine the phase error in the current coil of the instrument. This 
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was done by comparison with a standard Duddell-Mather wattmeter, 
and a diagram of the connections for this test is given in Fig. C. In - 
order to avoid a phase difference between the currents in the pressure 
coils of the two instruments, they were connected in series with each 
other. The phase of the current in the pressure coils was then varied 
until one wattmeter indicated zero ; the indication on the second watt- 
meter is then proportional to the sine of the angle of phase difference 
between the fluxes in the current coils of the two iustruments (assum- 
ing that precautions have been taken in the construction of the 
pressure coils to avoid eddy currents in them) Fig. D shows the 
connections for measuring the phase difference between two currents, 
such as the primary and secondary currents of an instrument trans- 
former. If the wattmeter connected to the secondary circuit, when 
testing the phase crror of the transformer, is the instrument with which 
the transformer is to be used, the phase error under working con- 


ditions is obtained. This is a considerable advantage, because thc 
phase error varies somewhat with the nature of the secondary load. 
It is essential, however, that each of the dynamometers used be frec 
from phase disturbances other than that due to the inductance of its 
pressure coil. By this method I have been able to obtain consistent 
results to within one minute. A modification of this method 
with which I have experimented gives reasonable agreement with it. 
The modification consists in measuring the angular displacement of 
the stator of the variable phase alternator required to change the zero 
reading on the one wattmeter to the zero reading on the second. It is 
necessary in carrying out the test by this method to bring the two 
wattmeters successively to zero by turning the hand-wheel—attached 
to the worm-gear—in onc direction only, so as to avoid backlash. The 
rim of the hand-whecl on the machine at the Manchester School of 
Technology is divided into 360 parts, and each division represents an 
angular displacement (electrical) of 14 minutes. The machine has 
6 poles and the armature is 7} in. in diameter, so that а phase dis- 
placement of 1 electrical degree is brought about by a circular 
displacement of the poles of only about 0:025 in. ; and with such а 
small mechanical displacement it may be assumed that the air-gap 15 
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not varied. This method has the advantage that it is independent of Mr Moore. 
the accuracy of the ammeter and voltmeter, and also of their indica- 
tions; but it is equally important that the currents remain constant 
throughout a set of observations, because the phases of the currents 
vary with their magnitude due to the impedances of the alternator 
armatures. | 

Mr. Н. А. RATCLIFF (communicated): It may be safely said that чы hie 
work of the nature described in the paper would have been practically 
impossible elsewhere than at the National Physical Laboratorv, and it 
is certainly astonishing to observe the degree of perfection to which 
the authors have succeeded in bringing the previously much-maligned 
electrostatic instruments. The most interesting portion of the paper 
is that describing the construction of the wattmeter, and in fact it is 
only after reading this portion very carefully that one is able to 
realize the possibility of attaining a high degree of accuracy in the 
measurements for which the instrument is used. I have had a con- 
siderable amount of experience in connection with the measurement 
of alternating current power, both single-phase and three-phase, and 
am acquainted with the failings of most of the commercial instruments 
available. It is unfortunately a fact that many of the so-called standard 
instruments are unreliable, even on the smaller current ranges, and for 
heavy currents there is not, so far as I am aware, a single reliable 
instrument available. Probably the most satisfactory form of watt- 
meter for large current ranges is a 5- or 10-ampere instrument (of 
which there are two or three reliable makes on the market) used in 
conjunction with high-grade current transformers. Such a combina- 
tion can, if necessary, be sent to the National Physical Laboratory for 
standardization, and will be found to be both convenient and reliable. 
The authors claim a degree of accuracy better than 5 parts in 10,000. 
l am afraid, however, that this is too good to be true, at any rate on a 
three-phase circuit. When the load currents are in excess of 500 
amperes, an accuracy of o'r per cent on single-phase and o'2 per cent 
on three-phase circuits is excellent, and anything closer is in most 
cases very doubtful. On page 298 four disadvantages of the electrostatic 
system are given. The third item should certainly have been given as 
an advantage. Standard instruments are essentially fixtures, and 
nothing is so disconcerting as to be expected to use them for portable 
work. If the nature of their construction absolutely prohibits such use, 
then so much the better. The device for obtaining a resistance of 
r'018518 ohms by using sixteen то-оһт coils is extremely ingenious, 
and should be capable of considerable practical extension. The 
method of measuring current by means of an clectrostatic voltmeter 
appears to be rather complicated and cumbersome, and I should have 
thought that the same degree of accuracy might have been obtained in 
a much simpler manner by the use of a quadrature transformer fixed 
in the main circuit. I hope that the authors on some future occasion 
will give actual results of tests showing the nature and extent of the 
ratio and phase-angle errors in current transformers. 
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Messrs. C. C. PATERSON, E. H. RAYNER, and A. KINNES (in reply): 
Professor Wilson has asked about power factors below o'i. We do not 
often have to measure power factors below o'r with currents as high as 
3,000 amperes, but we should not have any difficulty in doing so if it 
were necessary. With a power factor of o'I and 3,000 amperes we 
should get a detlection on the wattmeter which' can be read to an 
accuracy of about o'r per cent. It can be seen by the definition of the 
spot on the scale that deflections can be read to a very high accuracy. 
Most of the shunts that we use are capable of a considerable overload 
capacity, so that without any difficulty we could practically double the 
accuracies stated. We do not wish to detract in any way from the 
very ingenious and admirable arrangement devised by Professor 
Wilson, as we think the way in which he is able to multiply the voltage 
on his quadrants as he requires, if he is measuring very low power 
factors, is most ingenious and must bc very useful. With constructions 
in which the quadrants are so near together, however, as they are and 
must necessarily bc in our lower voltage instrument, we question 
whether it would be safe to raise the pressure on the quadrants much 
above то volts, as the needle would bend with the large cross forces 
acting on it. With regard to the elimination of the high-voltage 
dividing resistance for obtaining the potential on the needle, we do not 
agree with him that it is desirable in a general way to employ an 
instrument in which a pressure of 10,000 volts is used direct on the 
needle. The main reason is that it is not often that an instrument has 
to be used at a pressure of 10,000 volts, and one in which a pressure of 
10,000 volts would be used on the needle direct is not of very much use 
for voltages much below this. The practice of using a dividing resist- 
ance gives much greater flexibility, and we are not quite sure how an 
instrument requiring 10,009 volts on the needle would be calibrated 
for high-accuracy work. An advantage of a lower voltage instrument 
is that, when calibrated at 100 volts, it may be used with a divid- 
ing resistance of a known ratio up to almost any voltage that is 
required. 

We must defer to Mr. Highfield as to the possibility of using the 
electrostatic wattmeters in central stations ; we have no experience in 
that direction. We thought that probably it would be troublesome, but 
we are glad to hear that he has one installed, and that he thinks it 
possible that it may be of general use. 

As regards Mr. Addenbrooke's remarks, we аге all aware of his 
valuable pioneer work on this subject. Не somewhat criticized the 
use of a pressure of 2 volts on the quadrants, and said that he had 
reduced the pressure to one-fifth of a volt. The pressure of 2 volts 
was applied to the quadrants because we started using the Adden- 
brooke instrument, and we made all our shunts and apparatus to suit 
it. On the whole, we think we should continue to use it even if we had 
a chance of starting again. It gives greater controlling forces in the 
instrument, and provides a reasonable margin. Moreover, one docs not 
mind having to dissipate a good deal of power, as it all goes down the 
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drain with water-cooled resistances like those described. At the Reich- 
sanstalt in Berlin they use a от volt pressure drop on their quadrants, 
but their suspension has to be very sensitive. They use Wollaston 
wires, and the whole instrument is very much smaller, and although 
we have never worked with one like it, we think it must be less robust 
and more troublesome to use. 

Mr. Trotter raised the question of using a single instrument or 
several instruments. Of course, if an instrument is liable to be burnt 
out, it isa good thing to have a second at hand ; from that point of view 
we are inclined to agree with him. Each case, however, must be judged 
on its merits. The electrostatic wattmeter and voltmeter lend them- 
selves to an increase of range very well indeed. A dividing resistance or 
a series of shunts like those described enable them to be used at any 
current range or voltage range desirable, and if we had a second instru- 
ment at the National Physical Laboratory we do not think we should do 
other than makc it of exactly the same range. As regards the accuracy of 
5 parts in 10,000, we reckon to have all our apparatus—dividing resist- 
ances, etc.—and the calibration of our voltmeter right to 1 partin 10,000. 
Any inaccuracy in the voltage is doubled in the wattmeter calibration, 
resulting in a possible inaccuracy in tne wattmeter calibration of 2 
parts in 10,000. The accuracy of 5 parts in 10,000 was put down asa 
conservative figure, and in voltage measurements we have no difficulty 
in getting 1 part in 10,000 when using the instrument near the top of 
the scale. The dividing resistance makes it possible to use the instru- 
ment near the top of the scale, and our voltmeter at the National Phy- 
sical Laboratory is scarcely ever used below about до volts— generally 
between go and rro volts—that is, at the most open part of the 
scale. The accuracy of 5 parts in 10,000 for the wattmeter, as far 
as reading the scale is concerned, is obtained at half the full-scale 
deflection. 

Professor Morris raised the question of the limiting accuracy 
possible with this apparatus. It is not the accuracy with which the 
instrument can be read that is the first consideration, but the accuracy 
with which the alternating voltage and current can be kept constant, 
and it is this question which has occupied us and other people for some 
time. The machine must be run by a battery, of course. The brush 
gear must be looked to very carefully, and we find it a considerable 
advantage to use a large flywhcel effect in the gencrating set. Suppos- 
ing, for the moment, that the speed can by these means be kept 
sufficiently constant, we then come to the inaccuracy due to changes of 
the contact resistance in the slip-rings of the alternator. We have 
recently made some great improvements in this direction. The current 
is led into the rotating field, not by ordinary slip-rings but by a couple of 
discs that rotate in mercury and are fixed to the end of the shaft of the 
generator. Exceedingly constant results have been secured by this 
method. There cannot be any change or uncertainty in the voltage 
when the current fof the field is led in in that way. "The only uncer- 
tainties we get now аге the slight fluctuations in the speed, due probably 
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to variations in the friction of the set and of the motor brush-gear. But 
with a satisfactory flywheel effect these fluctuations are very slight and 
take place slowly, thus giving ample time to keep the voltmeter constant 
for a quarter of a minute within 1 part in 10,000. 

We cannot let Mr. Campbell's remarks pass without again acknow- 
ledging his willing help and advice at all times, and those valuable 
suggestions of his to which we owc a grcat deal of the measure of 
success which we have been able to attain in this work. We can fully 
corroborate all he said about transformers and the difficulties met with. 
Mr. Campbell made the first transformer ; the one described is a copv 
of his. It is not the sort of instrument which can be made and wound 
aud used indiscriminately without taking every care to ensure that the 
resonating effects are not present. He asked whether the zero “ creep ” 
is better in the wattmeter used than in the Kelvin meter. The Kelvin 
meters generally have an ordinary platinum wire suspension. The 
phosphor-bronze suspension which we use is much better than platinum. 
It is very much a matter of chance, however, as every one knows, 
whether or not a good piece of phosphor-bronze strip is obtained with 
resulting small zero “creep.” We have been very fortunate in that 
respect. Our own strip was annealed in hydrogen with a weight on it, 
and the first piece we tried was exceedingly good. Over a full-scale 
deflection of 20 ft. we could scarcely detect a couple of millimetres 
“creep” after an hour's deflection. We were quite satisfied with this, but 
took the suspension off and put another experimental опе in, and found 
it was not quite as good. When we put the original one back the 
creep was greater than before, so evidently it had something to do with 
the soldering on of the suspension. The present “creep” is of the order 
of 3 millimetres, at full-scale deflection, for about a quarter to half an 
hour's deflection, which is not serious. With watt readings we drop 
back to zero every now and then and take differences. 

As regards Mr. Paul's remarks, we have not considered the cylin- 
drical system very carefully, and cannot say whether or not it would 
work. It would certainly have a great advantage as regards the 
elimination of effects resulting from the lengthening of the suspension, 
but our impression is that it is not right to consider that the temperature 
coefficient of these instruments is simply due to the lengthening of the 
suspension. We think there is a change of the elastic constant of the 
material with the temperature, and this has a more serious effect than 
the lengthening. If the lengthening only had to be considered, it would 
be easy to compensate for it, in an instrument like that described, bv 
using to support the quadrants something which had the same tem- 
perature coefficient апа which widened the distance apart of the 
quadrants as the temperature rose and the suspension lengthened. We 
tried this and it did not work, and we ascribed the cause to the actual 
change of the clastic constant of the material from which the suspension 
is made. The temperature coefficient of the instrument is from r1 to 
2 parts in 10,000 per degrec Centigrade, When we speak of using this 
instrument to an accuracy of 2 parts in 10,000 we are speaking of a 
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fairly rapid change-over, within a quarter to half an hour, from the 
calibrating to the test circuit, and we do not expect an instrument to 
keep its constant correct for days together to this degree of accuracy, 
and there is no suggestion that this is donc. 

We shall have to look into Mr. Irwin's suggestion with a little more 
care, as it is rather difficult to follow without closer examination. His 
suggestion that the electrostatic wattmeter is only correct at unity and 
zero powcr factors does not appear to us to be sound, and certainly the 
errors do not come in to an appreciable extent. The Duddell-Mather 
wattmeter is the most exacting instrument with which we have had to 
deal, and it can be read to an accuracy of 5 parts in 10,000 at the top 
of the scale. We have tested these instruments very thoroughly at 
all power factors, and all we can say is that the indications are correct 
to the accuracy with which they can be read. If there was any error 
in the electrostatic wattmeter at other power factors than unity and 
zero it certainly does not show up when testing instruments of this 
kind. Mr. Irwin referred to the instrument not giving the same 
constant at different voltages. It is well known that electrostatic 
wattmeters have that failing, and that they must always be used at the 
voltage at which they are calibrated. This has been very fully dealt 
with by Drs. Orlich and Schultze in their papers in the Bulletin of the 
Reichsanstalt. А то per cent change in the voltage with our in- 
strument, for instance, causes a change of o'2 per cent in the constant 
of the instrument. 

In reply to Professor Morris, we do not know what the contact 
difference of potential in our electrostatic wattmeter really is. We 
have never used the instrument with continuous current, but always by 
calibrating it on alternating current. The contact difference of 
potential in the Kelvin voltmeter has always to be dealt with by 
reversing it when calibrating. 

Professor Miles Walker suggests using the high- E transformer to 
magnify the voltage on the quadrants of the wattmeter, instead of 
connecting directly to the potential points of the current resistance. 
This has been done for certain experiments ; but, unfortunately, as 
Professor Walker suggests, there is a slight sacrifice of accuracy which 
makes this method of use impracticable for routine use where accuracy 
is all-important. For research work the method would often be 
valuable, and Professor Walker describes a similar arrangement for 
commercial testing. He mentions the very small working distance 
between the needle and the quadrants, and the comparatively large 
change in the calibration constant if the needle be displaced a small 
amount vertically. This sets a limit to the sensitiveness obtainable if 
accuracy is not to be sacrificed, and it was only by trial that so small a 
distance as 2 mm. between the top and bottom sets of quadrants was 
found to be sufficient. With this separation the sensitiveness is found 
to keep constant within 2 parts in 1,000 for several weeks. 

Mr. Longman asks what type of instrument is likely to give most 
satisfaction for ordinary use. "The authors endorse his suggestion as to 
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the excellence of the 5-ampere wattmeter in conjunction with precision 
current transformers. The combination should be tested together as 
one instrument when the highest accuracy is required. The dynamo- 
meter type of wattmeter has the great advantage that it can be checked 
from time to time by continuous current, and when once the errors of 
a precision wattmeter and its set of current and potential transformers 
have been determined by comparison with a wattmeter of the highest 
accuracy, the user can very easily check the instrument alone at 
5 amperes from time to time by a potentiometer using continuous 
current. The transformers may gencrally be considered not to vary in 
ratio at constant frequency if properly treated. This, however, is not 
by any means always the case. Potential transformers are often found 
with broken connections or with bad contacts in the high-tension fuses. 
A simple test with a wireman's detector, or similar apparatus, across 
the terminals of a pressure transformer should always be made before 
the transformer is put into service. The high voltage will easily jump 
across a small break in the primary circuit, and may cause a drop of a 
hundred volts without being detected. 

The authors have had no experience of thermal ammeters for large 
currents. High accuracy in alternating-current ammeters is not often 
required to the same degree as in wattmeters, as their readings have 
little relation to the power in the circuit. The precision instruments 
of the best makers leave little to be desired. The type of watt-hour 
meter—which is really an ampere-hour meter—such as is largely used on 
continuous-current distribution systems, has practically no application 
in alternating-current measurement. A large amount of valuable 
information on the properties of potential and current transformers 
has been published by the Bureau of Standards, Washington.* 

The authors agree with Mr. Moore that the accuracy of dynamo- 
meter watimeters for 200 amperes and above is not so good as that 
of instruments for smaller currents, and for general purposes the use 
of the 5-ampere instrument with a current transformer is to be recom- 
mended. The authors will be very interested to hear further of 
Mr. Moore's wattmeter for large currents, when completed. A satis- 
factory instrument of this type is distinctly needed. They also agree 
that connecting the current coils of a wattmeter direct to an alternator 
without a suitable resistance load cannot be expected to give satisfac- 
tory results, and it is preferable to have a low resistance of large 
current-carrying capacity in the secondary circuit of the step-down 
transformers rather than a higher resistance in the primary circuit. 
As to the electrostatic wattmeter, if the needle is not as flat as it should 
be it will tilt on application of the voltage, as Mr. Moore mentions. 
The use of а long, rigid lower-suspension reduces this effect, as, unless 
the tilting forces are excessive, the lower square hook coupling acts as 

* M. G. Lloyd and P. G. Agnew, “The Regulation of Potentiale Transformers 
and Magnetizing Current." Reprint No. 129 (from the Bulletin of the Bureau. of 
Standards, vol. 6, No. 2, 1909). Also P. G. Agnew, “A Study of the Current 


Transformer with particular reterence to Iron Loss" Reprint No. 164 (from the 
Bulletin of the Bureaun of Standards, vol. 7, No. 3. 1911). 
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if it were a rigid joint. An exceedingly small departure from flatness 
or unequal clearance between the needle and the top and bottom 
quadrants can, however, be detected by the eye when looking 
horizontally between the quadrants after the instrument is erected. 
At the nearly glancing incidence the ground surfaces of the quadrants 
act as mirrors and greatly assist in effecting the adjustment. 

А method of testing ammeters up to 20 amperes, and watimeters 
for similar currents (but only at unity power factor), is to use standard 
resistances of тоо ohms which will take one ampere at тоо volts. The 
voltage is measured on the electrostatic voltmeter, and by putting the 
required number of resistances in parallel or series any desired current 
may be obtained, using the voltmeter at the most open part of its scale 
where it can be read to 1 part in 10,000. This affords what is prob- 
ably the most accurate method of alternating-current measurement, 
and is very quick and simple in use. The resistances are wound 
non-inductively on wooden frames, 70 cm. X 50 cm., and the amount 
of wire used is arranged so as not to require artificial cooling. 

As regards reading the voltmeter after an alteration in the pressure, 
we do not find any interval is necessary after the instrument comes to 
rest. It is nearly always used at тоо volts and is generally kept 
deflected at this point when not in use. When the highest accuracy 
is required, the scale error at the nearest half-volt is found at the time. 
If the pressure is changed, say to 50 volts, after being at тоо volts for 
some hours, there is a further diminution in the deflection, which goes 
on for a considerable period as the “creep” comes out of the sus- 
pension. This means that the scale error has to be determined more 
frequently than would otherwise be the case, but there is no other 
trouble. It is expected that it will not be difficult to reduce the effect 
to a considerable extent. 

Mr. Ratcliff's remarks on commercial wattmeters agree with those 
of Mr. Moore and the authors. Не questions the possible accuracy 
of wattmeter measurements, especially in three-phase tests. By the 
use of the electrostatic method there is no more difficulty in three- 
phase than in single-phase measurements, and, provided the errors 
in the various resistances employed are negligibly small, the errors 
are reduced to that due to the calibration of the wattmeter scale and 
the unsteadiness of the power plant. The accuracy quoted, viz. 
5 parts in 10,000, corresponds to about т mm. on the scale half-way 
up, and to 2 mm. at the end. The apparatus described in this paper, 
and commonly used for alternating current tests with the electro- 
static voltmeter and wattmeter, has involved the accurate adjustment 
of about 180 resistances varying from o‘oo1 to 20,000 ohms. The 
authors do not understand how the required accuracy in the measure- 
ment of current can be obtained by the use of a quadrature trans- 
former, as suggested by Mr. Ratcliff, in place of an electrostatic 
voltmeter across a resistance with a pressure drop of 50 to roo volts. 
The method was adopted as it was important to obtain the highest 
possible accuracy, and the electrostatic voltmeter being considerably 
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Messrs. the most accurate instrument available, resistances were made to suit 
Paterson, : "AS > : 

Каупег, & it. Up to about 20 amperes it is most convenient to employ resistances 
Kinnes. which can take 100 volts. From 10 amperes upwards the high ratio 


transformer can be used on resistances with a pressure drop of 1 
or 2 volts. The overlap from about то to 20 amperes affords a 
convenient range for calibrating the latter method by the former. 
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Proceedings of the Forty-First Annual General 
Meeting of the Institution of Electrical 
Engineers, held on Friday, 30th May, 1913 
—Mr. W. Duppett, F.R.S., President, in the 


chair. 


The minutes of the Ordinary Meeting held on rst May, 1913, 
were taken as read, and confirmed. 


The President announced, with reference to the election of the new 
Council, that no nominations having been received other than those 
made by the Council for the offices of president, vice-presidents, and 
honorary treasurer, the Council’s nominees were, in accordance with 
Articles 50 and 51 of of the Articles of Association, duly elected to their 
respective offices. He also said that the scrutineers (Professor J. T. 
Morris and Mr. H. L. Leach) appointed at the meeting of the 24th 
April, 1913, to examine the ballot papers for the election of new 
ordinary members of Council, had reported that the following persons 
had been duly elected as Ordinary Members of Council :— 


Member: Mr. R. A. Chattock. 

Associate Members: Mr. F. E. Berry, Captain E. O. Henrici, R.E., 
and Mr. A. W. Martin. | 

Associates : Mr. Russell Clarke and Mr. A. M. J. Ogilvie, C.B. 


and that the Council for the year 1913-14 would therefore be con- 
stituted as follows :— 


President. 


W. DUDDELL, F.R.S. 
The Past Presidents. 


Vice-Presidents. 
UDD. THE HoN.SiR C. A. PARSONS, 


J 
C. Н. MERZ. K.C.B., F.R.S. 
j. F. C. SNELL. 
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Honorary Treasurer. 


R. HAMMOND. 


Ordinary Members of Council. 


A. B, ANDERSON. J. E. KINGSBURY. 

F. E. BERRY. A. W. MARTIN. 

R, A. CHATTOCK. A. M. J. OGILVIE, С.В. 
E. RUSSELL CLARKE. Dr. A. RUSSELL. 

F. GILL. W. RUTHERFORD, 
CAPTAIN E.O. HENRICI, R.E. A. H. SEABROOK. 

J. S. HIGHFIELD, R. T. SMITH. 

H. HIRST. C. P. SPARKS. 

B. M, JENKIN. Н. E. WIMPERIS. 


The Chairman and the immediate Past-Chairman of each 
Local Section. 


Messrs. E. W. Moss and F. E. Davies were appointed scrutineers of 
the ballot for the election and transfer of members, and, at the end of 
the meeting, the result of the ballot was declared as follows :— 


ELECTIONS. 


As Members. 
Henry Leitner. | Arthur Nichols Moore. 


As Associate Members. 


Gilbert Wakefield Carpenter. Norman McLachlan. 

Francis Joseph Culligan. Ernest Peters Neate. 

Edward Ivor David. Robert Oliver Briscoe Neil. 
. Willie da Fonseca B. Davids. Sidney Charles Newton. 

Albert Davis. James Ingram Robertson. 

Percy Arthur Fildes. Ernest Sidgwick. 

Ernest William P. Fulcher. Thomas Smith. 

Ernest Cecil Gage. Thomas William Smith. 

George Francis Gregory. George Ernest Swift. 

Alfred Rustat Hemsted. Arthur Henry C. Trench, 

Stafford Hill. Lieut. R.E. 

Norman Victor Lloyd. Cyril Richard Ward. 


As Associates, 


Isaac Hemmings. | George Phillips. 
Octavus Baynes Thomson. 
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As Graduates. 


Arthur James Arthur. George Norman Hurst. 
James Halliday Borland. Charles Henry Jeffcoat. 
Philip Henry Brewer. William Henry King. 
Edwin Frank Hollands. Andrew McPherson. 
Mulk Raj Soi. 
As Students. 
Arthur Edward Beach. Percival Victor Hoare. 
Robert Dods. James Whealley Kilby. 
Laurence Davenport Hill. Frank Hamer Lawrence. 


Percy John Wood. 


TRANSFERS. 


From the class of Associate Members to that of Members :— 
Richard Ley Alkin. | James Douglas Dallas. 


From the class of Associates to that of Associate Members :— 


Francis Edward Davies. | Alexander Richard Newman. 
Charles Turner. 


From the class of Graduates to that of Associate Members :— 
Harold George Furlong. 


From the class of Students to that of Associate Members :— 


Richard Dawson Fafrclough. | Lynar Frederick Summers. 
George Ingram. | Thomas Henry West. 
Philippe Ernest Peronne. James Matthew M. Whellens. 


From the class of Students to that of Graduates :— 


Harold Bond. Frank Philip Sleigh Lacey. 
Donald Nisbet Jenkins. . Henry James Loughlin. 
Sri Krishna Srivastava. . 


Donations to the Library were announced as having been received 
from The Adams Manufacturing Company, R. D. Archibald, The 
Associazione Elettrotecnica Italiana, The Canadian Department of 
Mines, Messrs. J. and A. Churchill, The Collegio Nazionale degli 
Ingegnieu, F. Creedy, F. H. Davies, The Electro-Technical Laboratory, 
Tokyo, Dr. S. Z. de Ferranti, Ferroviari Italiani, Sir R. Hadfield, F.R.S., 
H. S. Hallo, Messrs. Hermann et Fils, The Hydro-Electric Commission 
of Ontario, D. S. Munro, Professor J. Perry, F.R.S., Sir W. Ramsay, 
F.R.S., A. E. Russell, The Science Museum, South Kensington, 
A. Stewart, and L. H. Walter ; to the Museum from K. Hedges, J. E. 
‘Kingsbury, and W. M. Mordey ; to the Benevolent Fund from The 
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Midlands Electrical Engineers Ball Committee, S. Sharp, and C. P 
Sparks ; and to the Building Fund from N. Tesla ; to whom the thanks 
of the meeting were duly accorded. 


The РкеѕІрЕМТ: The Report of the Council for the year 1912-13 
(see page 361) has been circulated, and shows, I think, that the Institution 
has had a very successful year. I move “That the Annual Report as 
circulated be received and adopted." 

Mr. F. GILL: I beg to second that motion. 

The resolution, having been put to the meeting, was carried 
unanimously. 

The PRESIDENT: The next matter is the Statement of Accounts and 
Balance Sheet for 1912 (see page 380), and I will ask the Honorary 
Treasurer to move their adoption. 

Мг. К. HaMMoND : I shall not depart from the brevity which 
characterizes our proceedings this evening. Last year's budget as repre- 
sented by our income and expenditure is, I think everybody will agree, 
of a very satisfactory nature. Our income during the past year 
amounted to £17,606 gs. rod., and our expenditure to £14,181 2s. 3d., 
leaving us a surplus of £3,425 7s. 7d. That sum was disposed of in the 
following way: We transferred £540 145., being the amount of the 
life compositions paid by members, to a special fund for investment, it 
being in accordance with the Articles of Association of our Institution 
that all life compositions, instead of being treated as revenue, should 
be invested until the death of the member or members who have paid 
the life compositions ; the sum of £652 тоз. 8d. was paid away in 
the reduction of the mortgage debt of £25,000 upon this building ; 
£277 12s. 2d. went into a Sinking Fund, by the operation of which 
those of us who,live to see the day, some scventy-five years hence, will 
find this building entirely out of debt and the whole of our capital 
returned to us; we expended £101 2s. 8d. on the Library ; we increased 
our furniture account to the extent of £182 os. 3d. ; and the enlarged 
funds of the Institution enabled us to spend £433 8s. 5d. in purchasing 
much-needed experimental apparatus. The result is that out of 
£3,425 7s. 7d. we disposed of some £2,200 in a manner which I 
am sure will meet with the approval of members, and there was left 
over a surplus of £1,237 19s. 5d., which is the net balance carried to 
what we call the General Fund. As regards our assets and liabilities, 
these are clearly set forth in the Accounts. It will be observed 
that the assets amount to £110,368 15. gd. against liabilities of 
£45,150 11s. 11d., leaving a margin to the good of £65,217 gs. 10d. 
I am glad to think in looking forward that the Honorary Treasurer at 
the end of the succeeding year will probably be able to present even 
better figures, because his term of office will coincide with the first 
year of increased subscriptions, and, so far, there seems to be an in- 
tense desire on the part of the members to pay up with promptitude. 
I have much pleasure in moving “That the Statement of Account 
and Balance Sheet for 1912, as presented, be received and adopted." 
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Mr. R. K. Gray : I rise with very great pleasure indeed to second 
the motion, and I only wish to add that I think the members have 
evcry reason to be proud of the financial position of the Institution 
to-day. 

The motion was then put and carried unanimously. 

Mr. W. Jupp: The following resolution has been placed in my 
hands : “That the best thanks of the Institution be given to the 
Honorary Secretaries of the Local Sections and the Local Honorary 
Secretaries and Treasurers abroad for their kind services during the 
past year.” Every one who has had the pleasure of visiting the Local 
Sections and receiving the kind hospitality and hearty welcome that is 
always accorded to us when we are able to make these visits, will agree 
with me when I say that this resolution is not a purely formal one, but 
is intended to express a feeling of very considerable gratitude for their 
kindness to us and appreciation of the good work they perform in 
keeping alive the best interests and benefits of the Institution. So far 
as the Local Honorary Secretaries and Treasurers abroad are con- 
cerned, we know that in many distant parts of the world the name of 
the Institution is kept before the public largely as a result of their 
labours ; and the work that is thus being done, often under considerable 
difficulties, is of great benefit to the Institution and the industry. I 
have therefore much pleasure in moving the resolution which I have 
already read. 

Mr. E. SLATER : I have great pleasure in seconding that resolution. 

The resolution was then put and carried unanimously. 

Mr. J. E. KiNGSBURY : It becomes my duty to propose the following 
resolution : “ That the best thanks of the Institution be given to Mr. 
Robert Hammond in recognition of the valuable services rendered by 
him as Honorary Treasurer of the Institution during the past year." 
That is a resolution which I might enlarge upon to a very considerable 
extent, but I will not go beyond the point of asking this meeting 
to accord their hearty thanks to Mr. Hammond for the services he has 
rendered. Those services are apparent to the members now and 
again, but they cannot be so apparent to the members individually as 
they are to those of us of the Finance Committee who are able to see 
the very great assiduity, care, and thoroughness, with which Mr. 
Hammond carries out his duties as Honorary Treasurer. I desire, 
therefore, to impress upon the members that they are under a deep 
obligation to Mr. Hammond for those services. 

Mr. Н. E. WiMPERIS: I have great pleasure in seconding the 
motion. 

The resolution was put and carried with acclamation. 

Mr. A. А. C. SWINTON : The resolution which I have to propose is : 
“That the best thanks of the Institution be accorded to the Honorary 
Auditors, Mr. H. Alabaster and Mr. Sidney Sharp, for their kind 
services during the past year." 

Мг. W. M. MOoRDEY: И gives me great pleasure to second that 
resolution. 
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The resolution was put and carried unanimously. 

Mr. A. Н. SEABROOK : I have to propose “ That the best thanks of 
the Institution be tendered to Messrs. Bristows, Cooke, and Carpmael, 
for their kind services in the capacity of Honorary Solicitors to the 
Institution during the past year." 

Professor W. C. CLINTON: I have much pleasure in seconding that 
resolution. 

The resolution was put and carried unanimously. 

The PRESIDENT: I move “That Мг. H. Alabaster and Mr. Sidney 
Sharp be elected Honorary Auditors for the year 1913-14.” 

The resolution was put and carried unanimously. 

A paper by Mr. A. J. Aldridge, Associate Member, entitled 
“Practical Application of Telephone Transmission Calculations” 
(see page 390), was read and discussed, and the mecting adjourned 


at 9.55 p.m. 
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REPORT OF THE COUNCIL 
FOR THE YEAR 1912-13. 


At this, the Forty-first Annual General Meeting of the Institution 
of Electrical Engineers, the Council present to the members their 
Report for the year 1912-13. 


MEMBERSHIP OF THE INSTITUTION. 


The changes in the List of Members since the 1st May, 1912, are 
shown in the following table :— 


Hon. Assoc. 
Mem. Mem. Mem. Assoc. Grad. Stu. TOTALS. 
TOTALS AT IST MAY, 1912 7 1,388 3,089 806 — 1,247 6,537 
Additions during the 
year :— 
Elected  ... e. — 45 409 27 164 256 gor 
Reinstated ... ie I 3 5 — 27 36 
Transferred to ... — 169 268 4 96 — 537 
TOTAL ADDITIONS FOR 
THE YEAR I9I2-I3 ...— 215 680 36 260 283 1,474 
Deductions during the 
year :— 
Deceased ... e. — I3 5 4 — 5 29 
Resigned ... e.. — 21 30 53 — 57; 16; 
Lapsed ose e — 18 40 10 — пу 194 
Transferred from ... — — 144 104 — 289 537 
TOTAL DEDUCTIONS FOR 
THE YEAR 1912—13 ...— 54 234 171 — 468 927 
547 
TOTALS AT IST MAY, 1913 7 1,549 3,535 671 260 1,062 7,084 


The net increase of 547 shown above for the year compares with an 
average annual increase of 137 for the preceding five years, 
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MEMBERS DECEASED. 


It is with deep regret that the Council have to record the death on 
the 31st January, 1913, of the Earl of Crawford and Balcarres. The 
late Earl, who was one of the founders of the Institution, was at the 
time of his death its oldest surviving officer, having been, as Lord 
Lindsay, the first Vice-President of the Institution, an office which he 
held for three years, 1872-3-4, during the presidencies of Sir (then Mr.) 
William Siemens, Mr. Frank Ives Scudamore, and Lord Kelvin (then 
Sir William Thomson). 

Other well-known members who have died during the last twelve 
months are Sir J. Irving Courtenay, Major-General E. К. Festing, 
C.B., F.R.S., Professor Andrew Jamieson, F.R.S.E., Mr. Henry Lea, 
and Mr. J. K. Logan, 1.5.0. (Local Honorary Secretary and Treasurer 
for New Zealand from Igor to 1910). 


The complete list of those who have died during the past Session . 
is as follows :— 


Members. 


Charles Herbert Gadsby. 
Frederic A. Hamilton. 
Prof. Andrew Jamieson, F. R.S.E. 


Tom B. Andrews. 
Baron de Capanema. 
Sir J. Irving Courtenay, M.A. 


The Earl of Crawford and John Jenkin. 

Balcarres, K.T., F.R.S. Henry Lea. 
Frederick Michael N. Dres- Bennett Pell. 

ing. William E. Robson. 
James Ferguson. William E. H. Scharina. 
Major-General Edward Robert Edward Tyer. 


Festing, R.E., C.B., F.R.S. Louis James B. Wall. 


Associale Members. 


Frederick William Halford. 
George Fred St. Clair Harden. 
Ernest Wilfrid L. Harrison. 


Frank Hersee. 
Wilfrid Walker. 
John Gordon Wilson- Dickson. 


Associates. 
W. A. R. Knight. George Edward Pritchett. 
James K. Logan, I.S.O. Henry Sutton. 
E. V. Wyse. 
Students. 


Albert Christian Frydendahl. 
Rupert Waldemar Goetze. 


Victor Marcus Levy. 
Harold Willoughby Looker. 


Biographical notices of the deceased Members will be found in the 


Fournal. 
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LocaL HONORARY SECRETARIES ABROAD. 


The Council have appointed Monsieur Jacques Manne to be Local 
Honorary Secretary and Treasurer for Belgium, in the place of Mon- 
sieur J. Banneux, who has resigned the office. Professor H. Bohle 
has been appointed Honorary Secretary of the Cape Town Local 
Section, and Mr. E. M. Hughman of the Calcutta Local Section. 


MEETINGS AND PAPERS. 


During the past Session 14 Ordinary Meetings and 18 Council 
Meetings have been held. The usual Standing Committces have met 
regularly, and there have also been meetings of several other Com- 
mittees appointed by the Council for the consideration of special 
matters, the total number of Committee Meetings held during the 
- Session being 106. 

There have been 61 meetings of Local Sections, viz. Bir- 
mingham Local Section 11, Dublin Local Section 5, Manchester Local 
Section 12, Newcastle Local Section 11, Scottish Local Section 6, 
Western Local Section 6, and Yorkshire Local Section то. 

Meetings have also been held of the Calcutta and Cape Town Local 
Sections. 


The Annual Dinner of the Institution took place at the Hotel Cecil, 
London, on the 6th February, 1913. A report of the proceedings will 
be found in the Fournal, vol. 50, p. 430. 

The following is the list of papers for the Session, with the names 
of the authors and the places where read :— 


TITLE. AUTHOR. WHERE READ. 
President's Address. W.DUDDELL,F.R.S., London. 
President. 
Chairman's Address. W. А. CHAMEN, Cardiff. 
Member. 
Chairman's Address. A. А. Dav, Member. Manchester. 
Chairman's Address. W.  McWHIRTER, Glasgow. 
; Member. 
Chairman's Address. W. C. MOUNTAIN, Newcastle. 
Member. 
Chairman's Address. S. D. SCHOFIELD, Leeds. 
Member. 
Chairman's Address. A. M. TAYLOR, Birmingham. 
Member. | 
" Practical Application of Telc- A. J. ALDRIDGE, London. 
phone Transmission Cal- Associate Mem- 
culations.” ber. 
"Some Recent Improvements W. E. COOKE, As- Cape Town. 
in Continuous-current sociate. 


Meters." 
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TIILE. AUTHOR. WHERE READ. 
“The Turbo-Converter. A F. CREEDY, Associ- Manchester and 
High-speed Direct-cur- ate Member. Edinburgh. 


rent Generating Unit." 
“ Some Problems in Traction J. С. CUNLIFFE and Manchester and 


Development - Tramway R. G. CUNLIFFE, Birmingham. 
Feeding Networks." Associate Mem- 
bers. 
* Comparative Notes on In- W. А. DEXTER. Leeds and New- 
dependent Steam  Con- castle. 
densing Plants." 
“Some Factors in the Parallel A. R. EVEREST, London and Bir- 
Operation of Alternators.” Member. mingham. 
The Fourth Kelvin Lecture. Dr. R. T. GLAZE- London. 
“The Ohm, the Ampere, BROOK, С.В, 
the Volt: a Memory of F.R.S., Past Presi- 
Fifty Years (1862—1912).” dent. 
“Power Supply on the A. E. HADLEY, London, Glasgow, 
Rand." Member. Manchester and 
Middlesbrough. 
“ On Phase-Advancing.”’ Dr. G. КАРР, Past London, Birming- 
President. ham and New- 
castle. 
Air-cooled Jacketing іп J. W. MEARES, Calcutta. 
Hollow Walls by Electric Member. 
Fans.” 
“The Formation of Deposits Dr. A. C. MICHIE. Newcastle. 
in Oil-cooled Trans- 
formers.” 
“Economies in the Use of W. E. MILNS. Birmingham. 


Electric Power.” 
“A Single-phase Motor with J. S. NICHOLSON, London and Glas- 


Pole-changing Wind- Associate Mem- gow. 
ings." ber, and B. P. 
HAIGH. 

* The Use of the Electrostatic C. C. PATERSON, London. 
Method for the Measure- E. Н. RAYNER, 
ment of Power." Members, and А. 

KINNES, Associate 
Member. 

* Recent Developments in S. L. PEARCE and London, Birming- 
the Street Lighting of H. A. RATCLIFF, ham, Glasgow 
Manchester." Members. and Manchester. 

* Earthed versus Unearthed J. S. PEck, Member. London, Birming- 
, Neutrals on Alternating- ham,Manchester 
current Systems.” and Newcastle. 


“Some Special Applications of A. P. PYNE, Member. Newcastle. 
Electricity on Warships.” 


"Self -synchronizing Dr. E. ROSENBERG, London, Birming- 
Machines.” Member. ham and Man- 
chester. 
“ The Aims and Work of the Dr. S. P. THOMPSON, London. 
International Electro- F.R.S., Past Presi- 


technical Commission." dent. 
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TITLE. AUTHOR. WHERE READ. 
“The Change of Energy Loss Dr. W. M. THORN- Newcastle. 
with Speed іп C.C. TON, Member. 
Machines." 
“The Design of Apparatus Professor MILES London and Bir- 
for Improving the Power WALKER, Member. mingham. 


Factor of Alternating- 
current Systems." 
“The Use of High-tension S. F. WALKER, Cardiff. 


Continuous current on Member. 
the Thury System in 
Mines." 
“ The Use of a Large Lighting Е. Н. WHYSALL, London and Man- 
Battery in Connection Member. chester, 
with Central Station Sup- 
piy.” 
* The Commercial Aspect of T. P. WILMSHURST, Birmingham. 
Electric Heating and Member. 
Cooking.” 


In addition to the above-mentioned papers read at meetings, the 
following have been accepted for printing in the ¥ournal :— 


TITLE. AUTHOR. 
“The Control of Meters, Public Lamps, and W. DUDDELL, F.R.S., 
other Apparatus from the Central Station.” President, and A. H. 


DYKES, and H. W. 
HaANDcock, Members. 


* The Fatigue of Insulation." WORSLEY Ногттом, Stu- 
dent. 
* The Knight Public Fire-Alarm System." E. E. MooRE, Associate 
Member. 
“The Testing of Ebonite for Electrical Pur- C. C. PATERSON, E. H. 
poses." RAYNER, Members, and 
A. KINNES, Associate 
Member. 


KELvIN LECTURE. 

The fourth Kelvin Lecture was delivered by Dr. R. T. Glazebrook, 
C.B., F.R.S., on the 27th February last, the subject of the lecture 
being: “The Ohm, the Ampere, the Volt: a Memory of Fifty Years 
(1862—1912)." 

GLASGOW MEETING. 

A Summer Meeting of the Institution was held in Glasgow from the 
11th to the 15th June, 1912. The programme consisted of the reading 
and discussion of papers and of the visiting of the industries and places 
of interest in the neighbourhood. Some 200 members took part in the 
meeting. 


]оїхт MEETING IN Panis WITH THE SOCIÉTÉ INTERNATIONALE 
DES ELECTRICIENS. 
The Council accepted last February an invitation from the Société 
Internationale des Électriciens to hold a joint meeting in Paris from the 


366 REPORT OF THE COUNCIL. [30th May, 


21st to the 24th May. Papers will be read on the electrification 
of railways, long-distance transmission of electrical energy, wireless 
telegraphy, and automatic telephony. Arrangements have also been 
made for a number of visits to works, and the members will be the 
guests of the French Society at a banquet to be held on the 21st May. 


SCHOLARSHIPS. 

The Council have awarded two Salomons Scholarships of the value of 
£50 each, one to Mr. Grahame George Dawson, of University College, 
London ; and one to Mr. Robert Burleigh, of the City and Guilds 
(Engineering) College, South Kensington; and a David Hughes 
Scholarship of the value of £50 to Mr. John Harsant Lee, of King's 
College, London. 

PREMIUMS. 


The following premiums for papers have been awarded by the 
Council this year. In accordance with precedent, in deciding upon 
these awards the Council have not taken into account papers con- 
tributed wholly or in part by members of Council. 


The INSTITUTION PREMIUM, value £25, 
to Mr. A. E. Hadley, for his paper, “ Power Supply on the Rand." 


The AYRTON PREMIUM, value то, 


to Mr. F. Н. Whysall, for his paper, “The Use of a Large Lighting 
Battery in connection with Central Station Supply." 


The FAHIE PREMIUM, value £10, 


to Mr. A. J. Aldridge, for his paper, “ Practical Application of Tele- 
phone Transmission Calculations.” 


The JOHN HOPKINSON PREMIUM, value то, 
to Dr. E. Rosenberg, for his paper, “ Self-Synchronizing Machines.” 


The KELVIN PREMIUM, value for this year £21, 
to Messrs. C. C. Paterson, E. H. Rayner, and A. Kinnes for their paper, 
“The Use of the Electrostatic Method for the Measurement of 
Power.” | 
The PARIS PREMIUM, value £10, 


to Mr. J. S. Peck, for his paper, “ Earthed v. Unearthed Neutrals on 
Alternating-current Systems." 


AN ExTRA PREMIUM, value £10, 
to Mr. M. Solomon, for his paper, “ Yellow Flame Arcs.” 


AN Extra PREMIUM, value £5, 


to Dr. A. C. Michie, for his paper, “The Formation of Deposits in 
Oil-cooled Transformers.” 
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STUDENTS PREMIUMS, 


A STUDENTs’ PREMIUM, value £10, 
to Mr. Н. R. Constantine, for his paper, “ Time Limits." 


A STUDENTS’ PREMIUM, value £10. 
to Mr. J. Hacking, for his paper, “ Phasing-Out of Alternating-current 
Apparatus.” 

A STUDENTS’ PREMIUM, value £5, 
to Mr. C. H. Goulden, for his paper, * Low and Mixed Pressure 
Turbine Plants." 

A STUDENTS PREMIUM, value £5, 
to Mr. S. N. C. K. Whitehead, for his paper, * Individual Electric 
Driving in a Modern Weaving Shed." 


A STUDENTS' PREMIUM, value £5, 


to Mr. P. Grice, for his paper, * Heating and Cooling of Electrical 
Machinery." | 
A STUDENTS' PREMIUM, value £5, 
to Mr. A. T. Robertson, for his paper, “Winding of Electrical 
Machinery." 
STUDENTS' SECTIONS. 

Nine meetings of the Students’ Section have been held, at which 
papers were read and discussed. At the opening meeting an address 
to the Students was delivered by Dr. Alexander Russell in the Lecture 
Theatre of the Institution. . 

The Annual Dinner was held at the Trocadero Restaurant, London, 
on the 14th December, 1912. 

The Glasgow, Manchester, and Newcastle Students’ Sections have 
each completed a successful session, having held five, eight, and nine 
meetings respectively. Visits were made to various works by the kind 
permission of the firms concerned. 


THE BRITISH ELECTROTECHNICAL COMMITTEE. 
The British Committee for 1912-13 is constituted as follows :— 


Mr. A. Siemens (Chairman). Mr. W. M. Mordey. 
Colonel R. E. Crompton, C.B. Mr. W. C. Mountain. 

Mr. W. Duddell, F.R.S. Mr. W. H. Patchell. 

Mr. A. R. Everest. Lord Rayleigh, O.M., F.R.S. 
Mr. K. Edgcumbe. Dr. A. Russell. 

Dr. R. T. Glazebrook, C.B., F.R.S.| Mr. J. F. C. Snell. 

Mr. R. K. Gray. Mr. C. P. Sparks. 

Mr. R. Hammond. Dr. S. P. Thompson, F.R.S. 
Mr. R. W. Hammond. Mr. A. P. Trotter. 

Dr. G. Kapp. Mr. E. Vignoles. 

Mr. C. Le Maistre. Mr. H. E. Wimperis, M.A 
Professor T. Mather, F.R.S. Mr. C. H. Wordingham. 

Mr. H. W. Miller. Mr. P. F. Rowell (Secretary). 
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During the year the Committee have had under consideration the 
subjects of Nomenclature, Prime Movers, Rating, and Symbols. 

A meeting of International Delegates was held at Zürich in January 
last, when the British Committee was represented by Dr. R. T. Glaze- 
brook, C.B., F.R.S., and Dr. Gisbert Kapp. The Reports of this 
meeting on the subjects mentioned above are at present under con- 
sideration by the British Committee with a view to their being brought 
before the Plenary Mecting of the International Electrotechnical 
Commission to be held in Berlin next September. 


* SCIENCE ABSTRACTS,” 


Owing to an increase in the amount of matter available, the volumes 
of both Scctions show a slight enlargement over those for the previous 
year. The Physics Section contains 1,916 Abstracts, as compared with 
1,749 in 1911. The Electrical Engineering Section comprises 1,356 
Abstracts, of which 132 were dealt with under the newly created 
sectional heading, “ Properties of Engineering Materials,’ as com- 
pared with 1281 in 1911. 


MODEL GENERAL CONDITIONS FOR CONTRACTS. 


The Council regret that the number and importance of suggested 
modifications have further delayed the publication of the revised Model 
Conditions. 


FORTNIGHTLY PUBLICATION OF THE “ JOURNAL.” 


As was announced to the members by the President at the Ordinary 
Mecting of the 13th March, the Council have decided that the fournal 
will in future be published fortnightly on the rst and 15th of each 
month from December to July. The new journal, which will be of 
quarto size, will contain :— 


(a) The papers and discussions now published in the Fournal. 

(b) Notices of meetings of the Institution and of the Local Sections. 
(This will replace the present postcard notices.) 

(c) Communications from the Council to the members. 

(d) Periodical reports on the work of the Council and Committees 
of the Council. 


This change in the mode of publication will greatly enhance the 
value of the Fournal by the prompt publication of papers and discus- 
sions, and by its becoming a means of communication between the 
Council and the members, while the larger size of page will considerably 
facilitate the reproduction of illustrations and tabular matter, the space 
for which in the present size is hardly adequate. 


CENSUS OF PRODUCTION SCHEDULES. 


In June, 1912, the Institution received from the Board of Trade 
copies of the draft schedules for the Second Census of Production 
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relating to the Generation of Electricity and the Electrical Engineering 
Trades, together with an intimation that any suggestions which the 
Council might desire to make would be carefully considered. After 
consulting various interested bodies, the Council made a number of 
suggestions, and they are glad to report that these have been substan- 
tially adopted by the Board of Trade. 


DEMONSTRATION APPARATUS, 


The following facilities for experimental demonstrations are now 
available :— | 


Lanlerns. 


The Lecture Theatre is provided with a lantern and screen suitable 
for either English (3} in. by 3} in.), French (9 cm. by 9 ст.), or 
American (4 in. by 351 in.) slides. There is also an additional lantern, 
with a 10-15 ampere arc lamp and resistances, for use on the lecture 
table ; this lantern is suitable for either vertical or horizontal projection, 
and for the optical projection of experimental apparatus. The room 
can be darkened during daylight if required. 


Lecture Tables. 


A number of tables are available which can be arranged to suit the 
convenience of the lecturer. All аге of the same height, 32 in., and 
the same width, 33 in. 


Water and Gas. 


A supply of water and gas, and a drain, are fitted in a trap in the 
floor of the Theatre. A sink with fittings on one of the lecture tables 
is arranged for convenient connection to the supply and waste in 
this trap. 


Galvanometer Scales, etc. 


Wooden frames, etc., have been provided, to which galvanometer 
scales and small screens for special projection purposes can be fixed. 


Screens for Wall Diagrams. 


Heavy canvas diagram screens with laths are available, to which 
large wall diagrams of almost any size can be pinned. These screens 
extend the whole length of the Theatre behind the Council table 
and partly along the two sides. 


Electric Current. 


Continuous Current from the Supply Mains.—In addition to the 
lecture-table lantern-circuit, continuous current at 100 volts is obtainable 
from the supply mains ; the maximum current is 50 amperes. 

Continuous and Alternating Currents from the Motor-generator.—A 
motor-generator for experimental purposes is also installed just below 

Vor. 51, UR 24 
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the Lecture Theatre. This set consists of a 10-kw. motor direct-coupled 
to a continuous-current generator and an alternator, from, which thc 
following supplies are obtainable :— 


Continuous Current from generator :— 
Voltage : 80-500 volts, by field and speed regulation. 
Maximum current : 60 amperes. 


Alternating Current from slip-rings of generator :— 
Single-phase, two-phase, or three-phase. 
Frequency : from 13:3 N to 33:3 Cu. 
Maximum current : 60 amperes per ring. 


Alternating Current from three-phase alternator :— 
Frequency : from 40 N to тоо N. 
Voltage per phase: 40-120 volts at со ^o, and 80-240 volts at 
тоо No, by field regulation. 
Maximum current: бо amperes per phase. 


Ammeters and voltmeters are fitted on the switchboard near the 
motor-generator. 
Portable ammeters and voltmeters of the following ranges, suitable 
for either alternating or continuous currents, are also available, viz. :— 


Ammeter, т {о 15 amperes. 


3 3 29 30 ” 

M 5 29 бо 29 
Voltmeter, 40 ,, 160 volts. 

M IOO » 250 99 


5 200 , Goo ,, 


As the driving motor is only capable of giving то kw., the maximum 
power which can be taken, either singly or from any combination of 
the above machines, is about 8 kw. 


MUTUAL PRIVILEGES FOR VISITING MEMBERS. 


As the result of a suggestion from the American Institute of 
Electrical Engineers, arrangements have been made for the inter- 
change of mutual privileges to visiting members, especially in regard to 
the addressing of letters, the giving of introductions upon presentation 
of credentials, the use of the Institution library and rooms, and attend- 
ance at meetings. Members about to visit the United States and 
desiring to avail themselves of these facilities are requested to apply 
to the Secretary for a letter of introduction. 


RESEARCH. 


The Council have decided to make arrangements for the carrying 
out of research work. In order not to overlap the work of other 
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Societies the research work of the Institution will be confined as 
far as possible to the following lines :— 


(а) The Organization and Correlation of Research in Electrical 
Enginecring.—This will include :— 


(1) A Research Committee, to whom investigators will be invited 
to send particulars as to the subject and character of the 
researches on which thev are engaged. Members of the 
Institution, especially those connected with the manufactur- 
ing side of the industry, will be invited to communicate to 
this Committee any special difficulties encountered by them 
which call for investigation, and to make suggestions for 
subjects for research. 

The Research Committee will thus act as a *'' Clearing 
House" for research topics, receiving suggestions from 
various sources and sending them after consideration to the 
most suitable quarters. 


(2) The collection and publication of particulars of plant available 
for special testing and investigation work in the various 
laboratories, together with the subjects in which researches 
have been carried out. 

(3) The compilation and publication of bibliographies of specific 
fields of research. 


(b) The Origination and Supervision of Specific Researches in Subjects 
connected with the Electrical Industry and the Allocation of Grants in aid 
of the same.—For the purpose of originating and directing researches 
in certain subjects, the Research Committee will have power to appoint 
sub-committees of experts to deal with researches in selected subjects. 

In the first instance, a series of investigations has been initiated 
on the properties of Magnet Steels, Insulating Oils, and the Heating 
of Buried Cables. Other subjects are under consideration ; inter alia, 
Copper, Carbon, Paper, Rubber, Mica, Porcelain, Oils and Varnishes, 
etc., for which fuller data are required. 

From time to time the Council will allocate funds for the promotion 
of particular researches. The results obtained will be available 
for public use, and published at the discretion of the Council in the 
Institution journal. 

The Council have also under consideration a scheme of Scholar- 
ships which will be co-ordinated with the operations of the Research 
Committec. 


EXAMINATIONS. 


The regulations for the examination of candidates for Associate 
Membership, which will come into operation on the rst June, 1913, 
have been published and copies have been sent to the members. 
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A list of qualifying examinations for admission as Student has 
been approved by the Council, copies of which can be obtained from 
the Secretary. These requirements will also come into effect on the 
Ist Tune, 1913. 


KELVIN MEMORIAL. 


Early in 1912 the Council received an invitation from the Institu- 
tion of Civil Engineers to nominate four persons to serve on a 
Committee consisting of representatives of British and American 
Engineering Societies which had been appointed for the purpose 
of considering the steps to be taken towards erecting in Westminster 
Abbey a Memorial Window to the late Lord Kelvin, and to raise 
the necessary funds. An appeal for subscriptions was subsequently 
made to British and American engineers, the response to which 
resulted in full provision of the money required, the total sum received 
being some £1,650. The design for the Window has been prepared 
by Mr. J. N. Comper, the artist selected by the Dean and Chapter 
of the Abbey, and to whom the manufacture of the glass has also 
been entrusted. It is hoped that the memorial will be completed by 
the end of June, and will be formally handed over to the Abbey 
early in July. | 


BENEVOLENT FUNDs. 


The Committee of Management report that the Benevolent Fund 
of the Institution shows a satisfactory increase for the past year. On 
31st. December, 1912, the capital account of the Fund stood at 
64,642 35., as compared with £4,000 at the end of тог. The 
donations and subscriptions to the Fund in 1912 amounted to 
£147 8s. 6d. The Council desire to acknowledge their indebted- 
ness to the generosity of the donors and subscribers who have 
supported the Fund. 

The Wilde Benevolent Trust Fund stands at £1,846 4s. 6d. 


ANNUAL ACCOUNTS. 


In presenting the Accounts for the year ended 31st December, 1912, 
attention is drawn to the altered form. Under it the whole of the items 
of Expenditure and Income, whether on Capital or on Revenue, appear 
in one Account. By means of this arrangement the actual margin to 
the good of the year's working will be clearly seen. 


Excess of Income over Expenditure (page 382).—The margin to the 
good on the Revenue Account is £1,237 19s. 5d., which is carried to the 
credit of the General Fund. In comparing this result with that of 1911, 
some adjustments are necessary in order to make the two exactly 
comparable :— 
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I9II ÁCCOUNTS. 


£ s. d 
Balance carried to General Fund  ... .. 1,274 2 I 
To be added — 
Depreciation (now included in the Balance 
Sheet) jas is als = oe 265 оо 
Entrance Fees... sind — А p 929 1 O 
Building Fund ... Js ET ss .. IB 4 o 
£2586 71 
To be deducted— | 
£ s. d 
Obligatory Repayment of 
Mortgage ... 55, e. 625 13 3 
Books апа Binding for 
Library ... - .. 179 17 2 
Furniture and Fittings .. 177 бао 
Б 982 17 3 
$1,603 10 8 


1912 ACCOUNTS. 


These show a margin to the good of we 1,237 I9 5 


Decrease of Excess in 1912 as compared 
with тот... iss vis T .. £365 11 3 


Morigages (page 384)— 


In last year’s Accounts these stood at .. £30,274 8 10 
They now stand at... Ж 202 .. 35,621 18 2 


Leaving amount of repayment during the 
year... vi € in sine .. £652 10 8 


Life Compositions Fund (page 384).—The amount received during 1912 
was £540 145., bringing the total of the Fund to £6,406 18s. Out of 
this the sum of £932 15s. has been transferred to the General Fund, in 
accordance with the new Articles of Association, on account of Life 
Compositions of deceased members, leaving to the credit of the Fund 
£5,474 35. 

Of this amount, £5,332 2s. rod. is invested in Stock Exchange 
securities. 
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Building Fund (page 384).— This has been augmented during the 
year by— 


Donations, Subscriptions, etc. T "- 571 7 6 
Contribution out of Institution Revenue ... 81 3 2 


Which amount was repaid to the Economic 
Life Assurance Society during the year £652 10 8 


Assels.—Taking the Tothill Street property and the Investments 
at cost, and the Institution Building and Lease, the Library and 
Furniture, etc., at the values standing in the books after writing off 
depreciation— 


f £ s. d. 
the Assets amount to (pages 385 and 387)... е .. 110,368 I © 
against Liabilities (pages 384 апа 3806)  ... гас -. 45,150 II II 
leaving a margin to the good of  ... 252 sig e. £65,217 9 10 


which is made up as follows :— 


£ s d. 
Building Fund € T .. 41,815 3 
Life Compositions Fund  ... se 5474 3 0 
Kelvin Lecture Fund ids .. 862 то 10 
General Fund... jus РР .. 17,065 12 4 
This margin set against the margin to the good in 
I9gIIOÍ  ... T m ids see be .. 62,404 о 9 
shows an improvement for 1912 of... id is .. £2,813 Q I 
LIBRARY. 


Seventy-one new books have bcen purchased since May, 1912, and 
161 books and pamphlets have been presented by members, authors, 
and publishers. The total number of readers during the past twelvc 
months was 1,235, of whom 226 were non-members. The thanks of the 
Institution are again due to Mr. R. K. Gray, Past President, who has con- 
tinued to pay the wages of a skilled book-repairer engaged in repairing 
the old bindings in the Ronalds and the Institution Libraries. 

The trustees of the Ronalds Library held their annual meeting, as 
provided for in the Trust Deed, in February last, and after inspecting 
the books, stated that in their opinion the terms of the Trust Deed 
had been carried out by the Institution in a satisfactory manner. 

The Council have sanctioned the formation of a lendinglibrary. In 
order not to impair the utility of the Institution Library as a complete 
reference library it has been arranged that the loan library shall consist 
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of duplicates of a certain number of works; these duplicates will not all 
be purchased at the outset, but they will be procured as they become 
necessary, and their number will be increased if the demand increases. 


MUSEUM. 


Several additions have been made to the collection of historical 
apparatus, including a collection of carly incandescent lamps and 
specimens of telegraphic cables (presented by Mrs. Andrew Jamie- 
son), a high-frequency generator (presented by Mr. A. W. Isenthal), 
a Lowrie-Hall transformer (presented by Mr. Robert Hammond), 
six early incandescent lamps (presented by Mr. Gerald Stoney), and 
a collection of fusible mica foils (presented by Mr. K. Hedges). 

À descriptive catalogue of the collection is in preparation. 

Seven glass cases, to contain part of the collection, have bcen pur- 
chased and placed in position in the Library ante-hall. 


APPENDIX TO REPORT. 


TRANSACTIONS, PROCEEDINGS, ETC., RECEIVED BY THE 
INSTITUTION. 


BRITISH. 


British Association for the Advancement of Science, Reports. 
Cambridge Philosophical Society, Proceedirgs. 

Chartered Institute of Patent Agents, Transactions. 

Faraday Society, Transactions. 

Greenwich Magnetical and Meteorological Observations. 
Incorporated Institution of Automobile Engineers, Proceedings. 
Incorporated Municipal Electrical Association, Proceedings. 
Institute of Chemistry, Proceedings. 

Institute of Marine Engineers, Transactions. 

Institute of Metals, Journal. 

Institution of Civil Engineers, Proceedings. 

Institution of Engineers and Shipbuilders in Scotland, Transactions. 
Institution of Mechanical Engineers, Proceedings. 

Institution of Mining and Metallurgy, Transactions and Bulletin. 
Institution of Naval Architects, Transactions. 

Institution of Post Office Electrical Engineers, Papers. 

Iron and Steel Institute, Journal and Carnegie Memoirs. 
Liverpool Corporation Tramways, Annual Reports. 

Liverpool Engineering Society, Proceedings. 

Manchester Literary and Philosophical Society, Memoirs and Proceedings. 
Municipal School of Technology, Manchester, Journal. 
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National Physical Laboratory, Reports, and Collected Researches. 

North-East Coast Institution of Engineers and Shipbuilders, Transactions. 

North of England Institute of Mining and Mechanical Engineers, 
Transactions. 

Physical Society, Proceedings. 

Röntgen Society, Journal. 

Royal Dublin Society, Scientific and Economic Proceedings. 

Royal Institution, Proceedings. 

Royal Meteorological Society, Quarterly Journal and Monthly Notes. 

Royal Society, Philosophical Transactions and Proceedings. 

Royal Society of Arts, Journal. 

Royal Society of Edinburgh, Transactions and Proceedings. 

Royal United Service Institution, Journal. 

Rugby Engineering Society, Proceedings. 

Society of Chemical Industry, Journal. 

Society of Engineers, Transactions. 

South Wales Institute of Engineers, Proceedings. 

Surveyors' Institution, Transactions and Professional Notes. 

Tramways and Light Railways' Association, Journal. 


COLONIAL. 


Australian Official Journal of Patents. 

Canadian Society of Civil Engineers, Transactions. 
Engineering Association of New South Wales, Proceedings. 
Engineering Society of Toronto, Transactions. 

Indian Telegraph Department, Administration Reports. 
Royal Society of Victoria, Proceedings. 

South African Institute of Electrical Engineers, Transactions. 
South Australia, Meteorological Observation Reports. 
Western Australian Institution of Engineers, Proceedings. 


AMERICAN. 


American Academy of Arts and Sciences, Proceedings. 

American Electrochemical Society, Transactions. 

American Institute of Electrical Engineers, Transactions and Proceedings. 
American Institute of Mining Engineers, Transactions and Bulletin. 
American Philosophical Society, Proceedings. 

American Society of Civil Engineers, Proceedings. 

American Society of Mechanical Engineers, Transactions and Journal. 
Bureau of Standards, Washington, Bulletin. 

Engineers' Club of Philadelphia, Proceedings. 

Franklin Institute, Journal. 

Illuminating Engineering Society, N. Y., Transactions. 
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National Electric Light Association, Transactions. 
Smithsonian Institution, Reports. 

U.S. Official Patent Gazette. 

U.S. Ordnance Report. 

Western Society of Engineers, Journal. 


AUSTRIAN. 
Kaiserliche Akademie der Wissenschaften, Wien, Sitzungsberichte. 


BELGIAN. 


Association des Ingénicurs Électriciens sortis de l'Institut Électro- 
technique Montefiore, Bulletin. 
Société Belges d'Électriciens, Bulletin. 


DUTCH. 


Koninklijk Institut van Ingenieurs, Tijdschrift. 
Koninklijke Akademie van Wetenschappen, Amsterdam, Proceedings. 


FRENCH. 


Académie des Sciences, Comptes Rendus Hebdomadaires des Séances. 

Bureau des Longitudes, Annuaire. 

Société des Anciens Éléves des Écoles Nationales d'Arts et Métiers, 
Bulletin Technologique. 

Société des Ingénieurs Civils, Mémoires. 

Société Francaise de Physique, Bulletin des Séances. 

Société Internationale des Électriciens, Bulletin. 

Société Scientifique Industrielle de Marseille, Bulletin. 


GERMAN. 


Schiffbautechnische Gesellschaft, Jahrbuch. 
Verein Deutscher Ingenieure, Zeitschrift. 
Verein zur Befórderung des Gewerbfleisses, Verhandlungen. 


ITALIAN. 


Associazione Elettrotecnica Italiana, Atti. 
Reale Accademia dei Lincei, Atti e Memorie. 


JAPANESE. 


College of Science, Kyoto Memoirs. 
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SWEDISH. 


K. Svenska Vetenskaps-Akademien, Arkiv för Matematik, etc. 


SWISS. 


Schweiz. Elektrotechnischer Verein, Bulletin. 


LIST OF PERIODICALS RECEIVED BY THE INSTITUTION. 


Aero. 

Cassier's Magazine. 
Central. 

Colliery Guardian. 
Electrical Engineering. 
Electrical Industries. 
Electrical Review. 
Electrical Times. 
Electrician. 

Electricity. 

Electrics. 

Engineer. 
Engineering. 
Engineering Magazine. 
Engineering Review. 
English Mechanic. 
Illuminating Engineer. 


Australian Mining Standard. 
Canadian Machinery. 


American Journal of Science. 


Electric Journal. 

Electric Railway Journal. 
Electrical Review. 
Electrical World. 
Engineering News. 
General Electric Review. 
India Rubber World. 
Journal of the Telegraph. 


BRITISH. 


Illustrated Official Journal, Patents. 

Iron and Coal Trades Review. 

Light Railway and Tramway Journal. 

Machinery. 

Mechanical Engineer. 

Mining Journal. 

Nature. 

Page's Weekly. 

Philosophical Magazine. 

Post Office Electrical Engineers' 
Journal. 

Railway News. 

Railway Times. 

Royal Engineers' Journal. 

Tramway and Railway World. 

Vulcan. 

Wireless World. 


COLONIAL. 


Electrical News (Toronto). 
Power House. 


AMERICAN. " 


Metallurgical and Chemical 
Engineering. 

Physical Review. 

Scientific American. 

Telegraph and Telephone Age. 

Telephony. 

Terrestrial Magnetism and Atmo- 
spherical Electricity. 
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AUSTRIAN. 
Elektrotechnik und Maschinenbau. 


DANISH. 
Teknisk Tidsskrift. 
DUTCH. 
De Ingenieur. 
FRENCH. 
Annales des Postes, Télégraphes, et Journal Télegraphique. 
des Téléphones. Lumiere Electrique. 
Archives des Sciences Physiques et Mois Scientifique et Industriel. 
Naturelles. Portefeuille Economique des 
Electricien. Machines. 
Houille Blanche. Revue de l'Ingénieur. 
Industrie Électrique. Revue Électrique. 


Journal de Physique. 


GERMAN. 
Annalen der Physik. Jahrbuch der drahtlosen Telegraphie. 
Annalen der Physik, Beiblátter. Jahrbuch der Radioaktivitat. 
Elektrische Kraftbetriebe und Bah- Physikalische Zeitschrift. 
nen. Zeitschrift für Elektrochemic. 
Elektrotechnische Zeitschrift. Zeitschrift für Elektrotechnik und 
Elektrotechnischer Anzeiger. Maschinenbau. 
Fortschritte der Elektrotechnik. Zeitschrift für Instrumentenkunde. 
Glückauf. Zeitschrift für Schwachstromtechnik. 
ITALIAN. 
L'Elettricista. Il Nuovo Cimento. 
L' Elettricita. 1 Rivista Tecnica delle Ferrovie 
Giornale del Genio Civile. Italiane. 

SPANISH. 
La Ingenieria. 

SWEDISH. 
Svensk Export. 

SWISS. 


Schweizerische Elcktrotechnische Zeitschrift. 
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The Iustiintion of 


REVENUE ACCOUNT FOR THE 


Alt. EXPENDITURE. 
To MANAGEMENT :— £ sd. £ s.d. 
Salaries and Wages  ... ias es .. 2,614 10 5 
National Insurance ... = iv 7 5 34 
Accountants' Fees vus РЕА ix ax 21 0 O 
Printing . pu .». 493 2 10 
Stationery and Office Keduisites Sud .. 281 7 5 
Addressing (Notices) ... $us 85. 5 9 


Postage (Correspondence ind Notices) .. 487 13 II 
Telephone die des js -— з 48 2 6 
Travelling Expenses ... > В "m 38 18 o 
Bank Charges ... ‘ne -— i “ise 717 5 

———— 44083 17 
» INSTITUTION BUILDING :— 


Ground Rent... isi Ts TR .. 2,201 о о 
Rates and Taxes 285 vus wae .. 1,616 4 3 
Light and Power i vis ns jd 62 6 7 
Firing... ss ee deb. Y us .. 10012 8 
Insurance ves i Sei i5 “wa 64 18 9 
Repairs ... zi yas = ne .. 267 14 I 
Report re ГРН бє m Р ses I2 12 0 
Household Requisites and Gleanings. ae 99 3 о 
ее 4,424 11 4 
» INTEREST ON MORTGAGES T кез is inne ... 1,520 18 10 
» FURNITURE REPAIRS AND RENEWALS ... iss bas € 33 410 
» MUSEUM s ns г s s ies I2 7 3 
» MODEL GENERAL CONDTHONSU — 
Printing ... T" eee 528 габ sh I4 13 5 
Less Sales... ves T eus ve Te 3 7 
— —— II 6 I 
» KELVIN MEMORIAL (Printing and Postage) ... II I3 8 
» JOURNAL :— 
Printing ... $us vs ees T .. 1,564 I2 2 
Postage ... ias Т бе .. 623 7 2 
Addressing T Уе wee M TT 14 Io 5 
Wrappers T =r M 7 К 32 19 8 
Advertising ja vis vus Ж т 32 10 2 
2,267 19 7 
Ten-year Index, 1901-1911 (net cost) .. TA 39 3 8 
2,30 
Less Receipts— а 
Sales Pus es .. £328 II I 
Advertisements... .. 262 о 0 
—— 590 II I 
—————— 1,716 12 2 


Carried Forward T ody к £11,813 15 9 
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YEAR ENDED 31st DECEMBER, 1912. 


INCOME. Ér. 
& sd. £4 sd. 
By SUBSCRIPTIONS € - € n EY єз .. 12,718 16 9 
„ ENTRANCE FEES ... x жез hs ben - .. 1,653 10 6 
» LIFE COMPOSITIONS ON T T us " .. 540 I4 О 
» BUILDING FUND :— 
Donations and Subscriptions ... bk .. 56017 6 
Surplus from Vcllum Diplomas res sts IO IO O 
— 571 7 Ө 
»y DIVIDENDS ON INVESTMENTS ... wee n m . 152 3 О 
» INTEREST  ... ‘ee Sag eu pix — aus ss 74 18 І 
» WIRING RULES  ... zs VT sss ive $a x 22 I 3 
» INSTITUTION BUILDING :— 
Rent from Tenants TA ae ja we 2,043 14 5 
Less Structural Alterations for Tenants .. 34711 2 
1,696 3 3 
» IOTHILL STREET PROPERTY :— 
Rent from Tenants pie A iis - 511 4 8 
Less Ground Rent, Rates, Taxes, etc. see dap 9 2 


170 I5 6 


Carried Forward m pes P .. £17,606 9 Io 
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REVENUE ACCOUNT FOR THE 


Br. EXPENDITURE—continued. 


Brought Forward 


To SCIENCE ABSTRACTS :— 
Salaries, Abstracting, Printing, Postage, etc. 1,731 
Less Subscriptions, Sales, and Advertisements 1,388 


» MEETINGS :— 


Advance Proofs ... "i -— $2 E 52 
Reporting — us is 73 
Honorarium to Kelvin Теге wea a 25 
Refreshments, Assistance, etc. гай «e. 103 


» LOCAL SECTIONS :— 
Money Grants ... sds isi ee S. 701 
Travelling Expenses ... Е id .. 168 


„ GLASGOW MEETING 

» PREMIUMS тҮ 

» BRITISH ELECTROTECHNICAL COMMITTEE 

» GRANT TO NATIONAL PHYSICAL LABORATORY 
FOR WIRING RULES TESTS 

» CONVERSAZIONE 

» ANNUAL DINNER 

» LEGAL EXPENSES ... е 

» MISCELLANEOUS EXPENSES 


AMOUNTS TRANSFERRED TO :— 
LiFE COMPOSITIONS FUND (fer contra) we 540 
BUILDING FuND (Obligatory repayment to 
Economic Life Assurance Society) :— 
Donations, Subscriptions, etc. 


(fer contra) a £571 7 6 
Contribution out of Revenue 8t 3 2 


652 
SINKING FuND (Premium for Redemption 
of Cost of Building and Lease) ... ate. 277] 


GENERAL FUND :— 
Amount Expended on— 


Books and Binding for Librarv .. IOI 

Furniture and Fittings... ges .. 182 

Experimental Apparatus de 433 
Balance, being unexpended Revenue for 

the year 1912 Pus s 1,237 


s. d. 65 5. d. 
11,813 15 9 
4 11 
9.2 
342 17 9 
IO 4 
9 о 
о о 
8 8 
254 8 о 
17 5 
17 6 
870 14 II 
205 18 7 
II8 14 5 
ur 0 8 
к 40 о O 
235 16 6 
61 4 6 
25 16 2 
100 15 О 
14,181 2 3 
14 O 
10 8 
12 2 
2 8 
o 3 
8 5 
19 5 
— 3425 7 7 
£17,000 9 Іо 


YEAR ENDED 31st DECEMBER, 1912. 


INCOME—co::tinucd. Gr. 
£ s.d. 
Brought Forward um Sas T" "n dps .. 17,606 9 I0 


£17,606 ото 
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BALANCE SHEET, 


He. LIABILITIES. 
£ s d. 
To BUILDING FUND :— 
Balance at 1st January, 1912 .. 41,162 13 О 
Donations, Subscriptions, etc. 5731 7 6 
Contribution out of Revenue 81 3 2 
» ECONOMIC LIFE ASSURANCE SOCIETY :— 
On Mortgage of Institution Building ... 24,121 18 2 
On Mortgage of Tothill Street Buildings 
and Site ... .. 11,500 о O 
» LIFE COMPOSITIONS FUND :— 
Balance at Ist January, 1912 . 5,866 4 о 
Received in 1912 540 I4 O 
6,406 18 о 
Less Life Compositions of Deceased Mem- 
bers transferred to General Fund 932 15 о 
» KELVIN LECTURE FUND .. 
» TRUST FUNDS CAPITAL ACCOUNTS :— 
Salomons Scholarship . 2,126 19 3 
David Hughes Scholarship ... . 2,000 0 о 
Wilde Benevolent Fund 1,846 4 6 
» TRUST FUNDS INCOME Accounts (Balances 
unexpended) :— 
Salomons Scholarship 28 16 4 
David Hughes Scholarship... 20 8 6 
Wilde Benevolent Fund 242 4 3 


» FOREIGN VISIT FUND 
SUNDRY CREDITORS 
SUBSCRIPTIONS RECEIVED IN ADVANCE 


Carried Forward... ss 


- 5:077 10 


93,302 9 


41,815 3 8 


35,0021 18 2 


5,474 3 0 


862 10 IO 


5973 3 


o 


39 10 


N 


147 О 


© 
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ASSETS. Gir. 


£ s.d. £f s d. 
By INSTITUTION BUILDING AND LEASE :— 
Cost... ais T 7 T ..73,028 6 то 
Less Reserve for Depreciation, being Sink- 


ing Fund Premiums paid as .. 1,016 3 2 
—— 72,012 3 8 
» TOTHILL STREET BUILDINGS AND SITE (at cost)... .. 19,260 17 I 
» SINKING FUND (Premiums paid for Redemption 
of Cost of Building and Lease) mo 793 m .. 1,016 3 2 
» LIFE COMPOSITIONS INVESTMENTS (at cost) :— 
£2,600 Natal Zululand Railways 3% 
Debentures ... PR T iis s. 2,270 12 © 
£1,500 Lancashire and Yorkshire Railway 
4% Preference Stock... See +» 1,513 IO 4 
£2,000 Assam Bengal Railways 3% Stock 1,548 o 6 


| 5,332 2 10 
„ KELVIN LECTURE FUND INVESTMENT (at cost) :— | 


£1,000 24 95 Consolidated Stock ... € ge .. 862 IO IO 


» TRUST FUNDS INVESTMENTS (at cost) :— 
Salomons Scholarship :— 
£1,500 New South Wales 34% Stock ... 1,556 5 
£500 Cape of Good Hope 34% Stock ... 570 13 


С 2 


2,126 19 3 


David Hughes Scholarship :— 
£2,045 Staines Reservoirs 3% Guaranteed 
Debenture Stock ... - Rid" cay = .. 1,998 I5 о 
Wilde Benevolent Fund :— 
£875 Great Eastern Railway Metropolitan 
596 Guaranteed Stock  ... iss es 1,493 16 3 
£215 North Eastern Railway 4% 
Guaranteed Stock os € 4. 250 I9 9 
£100 London County 34 % Stock ... ©. IOI 8 6 


: —— 1,846 4 6 
» LIBRARY :— 
As per last Balance Sheet ... bus .. 1,506 9 o 
Additions during 1912 T T .. сог 2 8 
1,607 11 8 
Less Depreciation (1095)  ... ‘ies -. 160 I5 2 
—— 1,446 16 6 
Carried Forward ... se T sis 105,902 12 IO 


VoL. 51. 25 
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BALANCE SHEET, 


Br. LIABILITIES—continued. 
d Sy od; £ s d. 
Brought Forward -— s ve — x 93,302 9 5 
To GENERAL FUND :— 
Balance at 1st January, 1912 ios .. 14,462 12 II 
Life Compositions of Deceased Members 932 I5 О 
Amount expended in 1012 on— 
Books and Binding for Library -. FOI 2 8 
Furniture and Fittings ... ges m" 182 0 3 
| Experimental Apparatus is .. 433 8 5 
Unexpended Revenue for 1912  ... .. 1,237 I9 5 
17,349 18 8 
Less Depreciation on Library, Furniture, 
Fittings, and Apparatus (fer contra) ... 284 6 4 
———— 17,065 12 4 


ROBERT HAMMOND, 
Honorary Treasurer. 


P. F. ROWELL, 
Secretary. 


£110,368 1 9 


We beg to report that we have audited the Balance Sheet of the Institu- 
together with the annexed Statements of Account. We have obtained all the 
ments are correct, and the Balance Sheet is properly drawn up so as to 
according to the best of our information and the explanations given to 


ALLEN, ATTFIELD & СО, 
Chartered Accountants, 
147, LEADENHALL STREET, E.C. 
15th April, 1913. 


987 
3151 DECEMBER, 1912. 


ASSETS—continued. бт. 
£ s.d. £ sd 
Brought Forward ... -— it em s 105,902 I2 IO 


By FURNITURE, FITTINGS, AND APPARATUS :— 
As per last Balance Sheet ... s ... 1,855 I4 IO 
Additions during 1912 :— 
Furniture and Fittings ... £182 о 3 
Experimental Apparatus 433 8 5 
———— 615 8 8 


2471 3 6 
Less Depreciation (3 95) i Y as 123 II 2 
| 2,347 12 4 
„ SUNDRY DEBTORS sisi oe ses ss bea .. 588 18 8 
5» RATES PAID IN ADVANCE "D dos 42 0 2 
» INSURANCE PREMIUMS PAID IN ADVANCE... 104 I IO 
—— 236 2 0 
» CASH :— 
At Institution Bankers’ БА ese . 993 7 5 
Petty Cash К s.. е е e" 57 4 3 
P.O. Savings Bank (Wilde  Benevolent 
Trust Fund) “з T э e. 242 4 3 
—— 1,292 I5 II 


£110,368 I 9 


а 


tion of Electrical Engineers, dated 31st December, 1912, and above set forth, 
information and explanations we have required. In our opinion the State- 
exhibit a true and correct view of the state of the Institution's affairs 
us and as shown by the books of the Institution. 


H. E Auditors 
SIDNEY SHARP, ссы 
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SALOMONS SCHOLARSHIP 


Br. 
£ s.d. 
To Amount paid to Scholars in 1912... is id sue use 75 о 0 
» Balance carried to Balance Sheet s m 28; me 28 16 4 
£103 16 4 
DAVID HUGHES SCHOLARSHIP 

3r. 
£ S. d. 
To Amount paid to Scholars in 1912... su ds se ve 50 оо 
» Balance carried to Balance Sheet ast iiis ер ge 20 8 6 
£70 8 6 
a 
WILDE BENEVOLENT 

Dr. 
£ s.d. 
To Balance carried to Balance Sheet és M к ww. 242 4 3 
£242 4 3 


TRUST FUND (Income). 
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бт. 
£ s. д. 
By Balance (as per last Account) 33 16 4 
» Dividends received in 1912 70 о о 
£103 16 4 
=a 
TRUST FUND (Income). 
Gr. 
£ s. d. 
By Balance (as per last Account) 9 I 6 
» Dividends received іп 1912 61 7 0 
£70 8 6 
TRUST FUND (Income). 
Gr. 
& 5. d. 
By Balance (as per last Account) , ISI I2 I 
» Dividends received in 1012 5517 0 
„ Interest do. do. 4 15 2 
£242 4 3 


= 
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PRACTICAL APPLICATION OF TELEPHONE 
TRANSMISSION CALCULATIONS. 


By A. ]. ALDRIDGE, Associate Member. 


(Paper first received зға December, 1912, апа in final form 4th Fuly, 1913 ; 
read before THE INSTITUTION 30th May, 1913.) 


SUMMARY. 


I. General :—General transmission equation ; standards ; graphical con. 
struction ; description of vector scale ; accuracy of graphical construction. 

II. Applications :—Effect of terminal apparatus ; equivalents of various 
lines under different conditions ; reflection losses ; proposed new standard ; 
composite lines ; effect of direction of speaking ; allowances for apparatus in 
circuit. | 

III. Experimental results :—Predominant frequency of voice ; equivalent 
wave-form of voice ; specch tests on composite lines ; use of a single fre- 
quency for general testing ; tests on loaded lines ; tests on unloaded cable. 

IV. General conclusions. А 

V. Appendix :—Constants of telephone lines and apparatus. 


I. GENERAL. 


There have been of late a number of papers and lectures both in 
England and abroad dealing with the theory of telephonic transmission. 
The majority, however, are highly mathematical, and though extremely 
valuable and necessary if a thorough grasp of the subject is to be 
obtained, are ill-adapted to the practical requirements of most tele- 
phone engineers. Itis thought, therefore, that the present paper, which 
deals with the subject more from the point of view of the “standard 
mile” of cable, will be of use to telephone engineers. 


GENERAL EQUATION OF TRANSMISSION. 


For the purpose of the present paper it is only necessary to give the 
gencral equations for the current and potential difference at any point 
of a cable which is terminated by impedances at each end. These 
equations are easily deduced as follows from the solutions of the funda- 
mental equation of propagation determined on the assumption that the 
E.M.F. is of the form cz E, sin р /, So far as the author is aware, 
they have not hitherto been published in this form, 
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Let V be the potential difference at x miles from the receiving end. 
I , current at x miles from the receiving end. 
Z, , terminal шош at the receiving end. 
2, » » sending » 


Z, „ line impedance = (R + Lpy) KS + ($ + Kj). 


l length of line. 

P , transmission constant, = ./(R+ Lpj\S + Kj). 
E E.M.F. impressed on the sending impedance. 

I, be the current at the sending end of line. 

I, 3 receiving end of line. 


R, L, K, S are respectively the resistance, inductance, capacity, 
and leakance per loop unit of circuit (go and return). 
Р = 2 т (О. 


The well-known solution of the differential equations of propaga- 
tion are— 

V = |, (Z, sinh Рх + Za cosh Px)... . . . (0 

and І =(I,/Z,) (Ža sinh Px + 2, cosh Px) . . . . (2) 


Hence, putting x = /, we get— 


У, == I, (Z, sinh P} + Za cosh PJ), 
and I, = (L,[Z,) (Za sinh P / + Z, cosh PJ). 


Since І, is the current in the sending end impedance Z,, апа V, is the 
voltage between its terminals, we have— 


E-—V,-4 LZ, 
= I, [Z, sinh P1 + Z, cosh РІ +(Z,/Z,) (Za sinh P1 + Z, cosh Р]. 


Substituting this value of I, in (т) and (2) we get— 


E (Z, sinh P x 4- Z, cosh P x) 
E (Z, sinh P x + Z, cosh P x) 


22) sinh P / + (Za + Zs) cosh Pz 
2,\ (z+ э ) sinh PZ + (Ze + Zs) cosh РІ L 


V= 


APPLICATION OF CALCULATIONS TO PRACTICE: STANDARDS. 


A telephone engineer is not much concerned with the amount of 
current at the receiving instrument. What he wishes to know is 
whether a certain circuit will enable him to give commercial speech 
over it, or whether it is better than another circuit. To determine this 
it is necessary to have certain standards of speech. These were settled 
for this country in 1905 by joint tests carried out by the Post Office and 
the National Telephone Company. A standard cable was selected, 
together with standard terminal apparatus, and different lengths of this 
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cable, terminated with the standard apparatus, selected as the limits for 
different cases. The standard cable adopted was one with the con- 
ductors weighing 20 lb. per mile and insulated with dry paper, in fact, 


an ordinary cable such as was being used in practice at the time. The 
constants of the cable are :— 


Resistance, 88 ohms per loop mile. 
Capacity, о'054 microfarad per loop mile. 
Inductance, о'оот henry per loop mile. 
Leakance, 5 x 107° mhos per loop mile. 


A mile of this cable is known as a standard mile and is represented 
by the letters S.M. 

In order to obtain the telephonic value of any circuit or piece of 
apparatus it is obviously necessary to know what is the number of 
standard miles terminated by standard terminal apparatus which will 
give the same received current as the circuit under consideration. To 
enable this to be done curves must be prepared, showing the received 
current at different frequencies for all lengths of standard cable. This 


Se => а» а» тоьо о «> с ч» ое ee 


has been done, and the results used in several of the illustrations 
given later. They are not shown since this standard was subsequently 
superseded. 

The “allowance” of any piece of apparatus is that length of stan- 
dard cable which gives the same reduction in efficiency as the apparatus 
in question. In this paper a negative allowance for a piece of apparatus 
or circuit means that it is so much better than the standard.* 

Mention has been made of standard terminal apparatus. In the 
agreement previously referred to, between the Post Office and the 
National Telephone Company, this was determined. The standard 
terminal apparatus was described as a common battery instrument of 
the pattern supplied by the Western Electric Company, and used in 
conjunction with a repeating coil connected to a 22-volt battery as 
shown in Fig. 1. Between the instrument and repeating coil is an 
ohmic resistance of 300 ohms, to represent the subscriber's line, and a 
supervisory relay with an equivalent ohmic resistance of 21 ohms. In 
practice it has been found convenient to omit the 300 ohms, due allow- 
ance being of course made for it. Fig. 1 showsthe circuit. 


* This was the system used by the late National Telephone Company. The present 
Post Office system reverses the signs. 
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The values of the effective inductance and resistance of the standard 
terminal apparatus, modified by alteration of the local line, are given in 
the appendix for various frequencies. 


DETERMINATION OF CURRENT DISTRIBUTION BY GRAPHICAL 
CONSTRUCTION. 


The principle of this method is well known. The constants of the 
line instead of being uniformly distributed along it are assumed to 
occur at regular intervals, in lumps, as shown in Fig. 2, the impedance 
portion being in series with the linc, and the admittance portion in 
shunt across it. 

In working with this method a certain current is assumed at the 
receiving end, and the current and potential difference which this 


| ' WEN CERRY | 
section 6 | oecbion 5 | Section 4 | Section 5 | Section2 | Section | | 


b i124 1. 
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Receiving 
end. 


FiG. 2. 


necessitates at the beginning of the first section are then calculated, the 
constants of the section being known. This is then repeated, section by 
section, until the required total length of line has been reached. 

The admittance C for the first section is placed at the junction of 
B and D, the half impedances for this section. Similarly the admit- 
tance F for the second section is placed at the juncture of E and G, the 
half impedances for the second section, and so on. The vector rela- 
tions of the various quantities are shown in Fig. 3. 

After having found V, (the potential at C), E and D may be added 
together, and then instead of ascertaining the voltage drop in D the 
voltage drop across D and E is calculated. This added to V, gives 
the potential difference across F. The values of currents and potentials 
thus obtained from the vector diagram are those at the following points:— 


Currents. 1st section, 2nd, 3rd, 4th, etc. 
P.D.'s. + section, 14 section, 2$, and so on. 
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The admittance portion could be placed at the end of the impedance 
portion if desired, instead of at the centre. The only advantage of 
this is that the potential differences are obtained for complete sections 
and not at halves. By placing the admittance portion at the centre, 
instead of at either end, greater accuracy is obtained, due to the fact 
that the leakage current is then assumed to be due to the average 
potential differences at the end of the sections instead of to that 
at either end. This fall of potential follows {һе exponential law, bnt to 
simplify the calculation itis assumed to be linear. Ifthe sections are not 
taken too long the error is not very serious. The result is to give slightly 
too great a current and too small a potential difference at any point. 

The other method, viz. taking v, over a full section, is accurate 
enough for many purposes. А third method is to divide the admit- 
tance portion into two, one at each end of the impedance portion. 


Fic. 3. 


tan I, O V, = L^ 
P 


lw 


tan 1,0 1:0 = 


^u 
> 


tan VOTI’ = 


y. 


It will be noticed that with the exception of v, the impedance volt- 
ages and leakage currents can be expressed in gencral equations as 
follows :— 


TERR _, Lf 
Un = I, /R? + L? p Јен UR 
=I, М /0 i 
= K 
Г, = Vatn /S? + K? p? [тал НА 
= У, +0 № /Ф 


where М /0 and N / аге the impedance and admittance рег section.* 
Even with this simplification, however, the method when worked 


* The expression M /# denotes an inductive impedance and M /ө a reactive im. 
pedance. М is the impedance іп ohms, and ө the angle of lag or lead respectively. 
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with rules and set squares is very tedious and laborious, although less 
so than the purely mathematical work. Considerably more informa- 
tion is also obtained when working graphically as to the phenomena 
occurring along the line. 

It should be remembered that in equations (т) and (2) Z,, Za, Za, P, 
cosh P /, sinh P /, sinh Px, cosh Рух, are each of the form (a + bj) and 
must be separately worked out; it is very difficult to get these out 
correctly without going over the working twice. 


DEscRIPTION OF VECTOR SCALE. 


To simplify the graphical working, and to make it both quicker and 
less liable to error, I have designed the scale shown in Fig. 4. This 


C 


FiG. 4. 


scale consists essentially of a graduated straight edge O A (Fig. 4), 
with a pivot at O which works in a socket in the drawing-board. 
O A can rotate on the board through 360 degrees. On O A is fixed a 
rod on which can slide a jockey piece carrying another graduated 
straight edge B C. The zero of B C is arranged to slide always along 
the edge O A, and B C can rotate about B through 180 degrees. Both 
rotating and sliding joints are sufficiently stiff to prevent any motion 
when О А is moved. The jockey piece or cursor also carries a quad- 
rant, divided into degrees, and having two adjustable pointers D and E. 
At C is a spring pin to enable C to be fixed to the board temporarily 
while O A is rotated, 
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The scale is used as follows :— 

First of all the length of section is determined. I have been unable 
to obtain any simple means of settling the best value of this. It must 
not be too long, or, on the other hand, too short, lest the multiplication 
of steps nullifies the accuracy due to the shorter lengths. As a rough 
guide it may be said that 1 to 2 miles is suitable for unloaded telephone 
cable, and 1 mile for loaded cable, equivalent lengths being taken for 
overhead open wire, say 10 for 100 lb. copper wire and 20 for 800 lb. 
copper wire, for frequencies of the order of 800 о. In obtaining these 
lengths it must be remembered that the fall of potential over the section 
is assumed to be a straight line, so that shorter sections must be used for 
lines where the wave-length is short. 

Having settled this, M /0 and N /ф are calculated, the drawing-paper 
is punched at the centre to take the pin O of the scale, and O I, set out 
(see Fig. 3). For telephone work I have found it most convenient to 
start with I, = 20 milliamperes ; this gives V, somewhere about 1o volts. 
A scale of 1 cm. per volt or milliampere is then very convenient. В С is 
now set at 0 degrees with OI, and ¢ degrees with O L,, and the two 
pointers D and E are clamped to correspond with these points. 

V, is calculated from V, = Z, x I,, and set off from О leading OT, 
by the correct angle, tan“! -24 

It is advisable to tabulate the results as obtained, and the following 
is a very convenient way. The suffixes are shown in Fig. 2 for the 
various sections. 


TABLE OF RESULTS. 


| Angle betwcen 
Suffix. I. v. | V. I’ 
| | I», and Ip. Vau and Vo. 
| | | 
| о | 
EP" | 
| 2 : 


To begin with, we have I, and V, and the scale is set with OA 
along 1. Then 7, is calculated from v= I, = [Ө and entered, in 


the table. 

B C is set to 0 degrees and OA rotated to Va B C being kept in 
the original position by means of the spring pin at C. The pin at C is 
released, and without altering the angle A B C, B is run along until 
OB=V,. Next т, is pricked off along BC. This point is V,, and is 
measured along О A, the latter being rotated for the purpose ; I’, is now 


1918.) TELEPHONE TRANSMISSION CALCULATIONS. 397 


calculated from Г, = V, № /¢. B C is now set to ф degrees, C fixed 
temporarily with the pin, and О A rotated until it lies along І. C is 
now released, and, without altering the angle A B C, B is run along 
until OBz I, Then I’, is pricked off along B C, and O A rotated to 
this point, the value being read off. This is I,. 

Exactly the same procedure is now gone through to obtain У„ and 


Howler suat 22 cable Орел 


C.B. 25C 


— — M 


| 


Impedance on Repeater Terminals 400/42-5 


Volts. 


then I,, and so on, for as many sections as are required. The above 
are the standard movements. Slight, obvious modifications will, how- 
ever, be necessary from time to time. 

It will be noticed that there is very little unnecessary movement of 
the rule. When OA is rotated to any point to read, say, a voltage, it 
is then in position for the setting of BC to obtain the next leakage 
current, and similarly for the next value of v. The two last columns 
are filled in after completing the vector diagram. 
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Allowance for Terminal Impedance.—The instrument at the receiving 
end of the line has to be allowed for in the course of the construction, 
but that at the sending end may be allowed for or not as desired. 

Owing to the relatively high impedance of telephone instruments 
there is a considerable change of potential difference on the sending 
instrument as the conditions of load alter. The sending-end imped- 
ance of all telephone lines becomes constant after a certain length has 
been reached, but in many cases met with in practice this length is not 
obtained. For this reason calculations made, ignoring the sending 
instrument, are of little value. 

Fig. 5 shows how the potential difference varies with a constant 
E.M.F. impressed upon a C.B. terminal. The value of E was calculated 
from measurements of V and the impedances of the apparatus con- 
cerned. The curve shows that it is quite accurate to deal with sending 
and receiving instruments in the same way. It may be mentioned in 
passing that the actual E.M.F. normally obtained when speaking may 
be anything up to r2 volts with an L.B. (local battery) instrument and 
5'5 volts with a C.B. (common battery) instrument. 

To allow for the terminal apparatus at the sending end, therefore, 
the potential difference and current at one point must be ascertained * 
and the voltage drop in the sending instrument obtained in a similar 
way to that in the receiving instrument. This, added vectorially to the 
potential difference at the point under consideration, gives the E.M.F. . 
necessary to bc impressed upon the sending impedance to give the 
assumed received current. Knowing this, the received current, which 
would be given by an E.M.F. of, say, 5 volts, can be calculated. The 
length of line which, in the standard circuit, gives the same current is 
the allowance for the circuit. 

It is considered that this is the only satisfactory method of compar- 
ing (by calculation) two circuits—viz. by assuming an equal E.M.F. 
impressed upon the sending impedance in each case. If the sending 
instruments are similar the impressed E.M.F. will be the same, but if the 
instruments are not similar the mechanical construction of the instru- 
ment will play an unknown part, and no calculations, unless on some 
such assuniption as that given, will be possible. 

Accuracy.—Having now explained the method of using the scale, 
some information regarding the accuracy of results may be of interest. 
To determine this a large number of diagrams were drawn for both 
loaded and unloaded lines. The results are given in the following 
tables showing the effects of length of line, length of section, and 
frequency. In all cases the error is obtained by comparison with strict 
mathematical calculations. 

(1) Error due to Lumping.—The following table gives the error 

* If the potential difference and current are required at all points of the line it is 
best to plot two curves, one between miles and values of V and one between miles 
and values of (Vo У»), from which their values at points corresponding to I, 12, 13, . . . 


can be read. If the E.M.F. in the sending instrument only is required tne value of 
in M /@ last before the sending instrument should be halved, in which case V, +, is 


the required potential difference on the sending instrument terminals. 
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due to this for the case of a 20-lb. cable loaded with o'r henry 
per mile :— 
R = 93 ohms per mile loop. 
К = 0'054 mfd. per mile loop. 
L — o1 henry per mile loop. 
(NJ) == 800. 


The error was found to be independent of the length of line con- 
sidered, and that given is a mean value. 


Length of Section Percentage Error in 
(miles). Received Current. 
O'5 — 50 
Со 0'2 
I'5 75 
2°0 I2'5 
30 23'0 


(2) Effect of Frequency оп Error in any Case.—The following table 
gives the effect of this for a 20-Ib. unloaded cable. Here again the 
error is independent of the length under consideration. 


R = 88 ohms per mile. 

K = 0'054 mfd. per mile. 

S= 5 х 1079 mhos per mile. 

L = о°оот henry per mile. ` 
Lumping, 2 m. 


Percentage Error in 
Frequency. Received Current. 


500 U4 
800 3°0 
1,100 57 
1,500 IO'O 


It will be seen that if the length of the sections is not too long the 
accuracy is very considerable. It should be noted that all these 
results have been obtained with a model rule ; with one properly con- 
structed still better results should be obtained. As it is, the accuracy 
obtained is amply sufficient for practical purposes. 
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II. APPLICATIONS. 


А few of the practical applications will now be considered with the 
results obtained. 

The Effect of Terminal Apparatus.—A considerable number of 
illustrations have been worked out showing the effect of interaction 
between the terminals and theline. Three only are here given, dealing 
with three classes of line met with in practice, viz. unloaded cable, 
heavy gauge open wire, and loaded cable. In most cases comparison 
was made with the circuit shown in Fig. 1, with or without a terminal 
instrument at the sending end, according to circumstances. The 
diagrams show how the apparent equivalents of different types of line 
vary with the conditions of testing. 

The equivalent is obtained as follows. The E.M.F. necessary to 
give a received current of 20 milliamperes is obtained, and from this 
the current which would flow with an E.M.F. of 5 volts is calculated. 
The length of standard cable which in the same circumstances would 
allow this current to be received is the equaled length of the line under 
test, and under the conditions of the test. The equivalenti is obtained 
by dividing the route length by the equated length. 


The Apparent Equivalent of 93-lb. Cable under various Condilions. 


R — 185 ohms per mile loop. 
K = 0*0645 mfd. per mile loop. 
І. = о`оог henry per mile loop. 
Terminal impedance, Za == 467 [42 ohms. 
Line impedance, Z, == 758 /44 ohms. 
СКО == 800. 


———— À— —— — — — — — 


Apparent Equivalent. 


Miles under Consideration. Terminals at 
Receiving End only. Both Ends. 

2 0'43 0°35 | 
4 0'48 0°42 
6 O'5I 0°55 
8 0°55 0°60 

10 0°50 обі 

12 0°58 0:615 | 

© (calculated) 0°629 i 


ut. rud - — —M—— аА А 


The results were confirmed by actual experiment, in the method 
explained on page 418 for the above, and various other conditions of 
terminal apparatus and frequency. The normal equivalent is obtained 
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within 3 per cent when то miles (equal to about 17 S.M.) are in 
circuit. 


The Apparent Equivalent of боо-ІЬ. Open Copper Wire under various 
Conditions. 


R = 2:97 ohms per mile. 
К = 0'0096 mfd. per mile. 
= 0'0033 henry per mile. 
S= I X 107? mhos per mile. 
ANu = 800. 
Terminal impedance, Z, = Z; = 500 /40 ohms. 


Line impedance, Z, = 592 /5'1. 
Calculated equivalent, assuming infinite line = 36°75. 


Apparent Equivalent. 


Miles under 
Consideration. 


a b. | с а. 
Lope deen ait 
100 — I7'0 | I5:9 16:7 
200 42°5 19:8 | 19 '6 227 | 
250 Өй аё | T 247 
300 345 23°2 22'9 == 
400 318 | 237 29'5 — 
500 317 278 275 = 


(a) Terminal at receiving end only. 

(6) Terminal at both ends. 

(c) Terminal at both ends using mean curve (see Fig. 6). 

(d) 4 miles of 20-16. cable between receiving instrument and line, 
with the addition of sending instrument, using mean curve. 


The following table shows the effect of adding various lengths 
of 20-lb. cable between the sending instrument and the line, the 
length of open wire being 200 miles. Otherwise the conditions are as 
in column (d). 


Miles of 20-Ib. Cable at Apparent Equivalent of 
Sending End. Open Wire. 


2277 


O OOF NO 
O3 
ч 
ч] 


Lom] 


Vor. 51, ИЕ: 
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Although, as shown later, the voice is on the average represented by 
a frequency of about 800 ^, in any speech testing it will consist of an 
infinite number of frequencies with a mean of 800. The effect of this 
will be that the wave shown in Fig. 6 will be smoothed out to a mean 
(shown dotted in Fig. 6), and it is this mean which has been used in 
obtaining column (c). The results obtained in this case are almost 
identical with those in column (b). 

The results in this case (a) have been plotted in Fig. 6 in order to 
show how the magnitude of the current varies down the line. The 
diagrams show the conditions existing at various points necessary to 
give a current of 0'020 ampere at the receiving instrument. It will be 


pa 
eee 
"n - | ААА | B ae 


| pepe 
Frequency 800 л» 
к==р = OBRAS CP 


KETTE 
10 Receiving eng. | 1 1 ea | L L | 
о 50 100 2 509 


Fic. 6.—Distribution of Current on боо-1Ь. Open Wire. 


noticed that even at 500 miles the effect of the receiving instrument 
in producing stationary nodes and loops of potential is not quite lost. 

It will be seen from column (c) that the apparent equivalent of 
the line, when testing at various lengths, gradually increases from 
about r5:9 at roo miles to 27:5 at боо miles, but even then the 
accepted equivalent, 36:8, is not reached. Referring to column (d) it 
is seen that the addition of 4 miles of standard cable between the 
recciving instrument and line has not a great effect in increasing 
the equivalent, but as soon as a length of cable is added at the sending 
end as well, the equivalent of the open wire rises from 2277 to 3577. 

It seems, therefore, that the underground cable at the ends of along 
open wire trunk line does not have so deleterious an effect as is gener- 
ally supposed, though it will probably give somewhat worse results in 
most cases than would be obtained could it be entirely replaced with 
open wire. I 
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CALCULATIONS ON LoADED LINES. 


This graphical method lends itself peculiarly well to elucidate the 
effects occurring on loaded lines, such effects, for instance, as are 
caused by varying the spacing of the loading coils, varying the terminal 
apparatus, and inserting tapering coils or circuits at the ends. In 
investigations into these effects the line must of course be assumed to 
be made up of short sections of cable separated by loading coils, but 
in normal loaded lines the loading may be assumed to be uniformly 
distributed, in which case no distinction need be made between the 
methods employed in loaded and unloaded cable. 


Rum pt 
—Frequency COT 

Та" Zs = 46 ‚ Ж | 

| | | | 

"NE Н Ши = | 
ЗЕРРЕ 
Ж 11 She Gee Ve | 
о І ЧЕ. ЖЕ Т T 8 IO © І 19 
Miles loaded. 


Fic. 7.—Equated Length of 20-lb. Cable Loaded. 


One illustration only has been worked out as showing how the 
equated length of a loaded line varies as the length of line is increased. 
Fig. 7 shows the results. It should be pointed out that it shows the 
equated lengths of different lengths loaded, and not the distribution of 
current or potential. 

It will be seen that the equated length oscillates about a mean 
curve, which mean curve is found to give the equated length of the 
line as obtained in ordinary speech tests. To get the working equated 
length of a line, therefore, it is necessary to draw a mean curve as 
shown. If such a loaded line were tested in the ordinary way by 
means of speech balances a smooth curve such as that shown would 
not be obtained, partly on account of the difficulty of balancing such 
short lengths and partly owing to the fact that the voice is not actually 
composed of one frequency. It should be mentioned, however, that a 
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speech test of 4 and 8 miles of this loaded cable showed that the 8 miles 
was distinctly better than the 4 miles. 

These nodes and loops are caused by the interaction of the line and 
terminal apparatus, which interaction introduces a definite loss in the 
transmission. If this is assumed to be constant and independent of the 
length loaded (as is done in practice), then by drawing a mean curve 
and extending it back to the ordinate axis the value so obtained will 
give the sum of the terminal losses for both ends. 

The accepted equivalent for a line loaded as in this example is 2*9, 
and the terminal loss for the conditions assumed is 5:8 ; both values are 
practically identical with those shown on the curve, taking the mean 
line. Both 2:9 and 5:8 are the means of a large number of actual 
speech balances, and this is an additional proof of the fact that 800 ^c» 
is the correct frequency to use, and that these graphical constructions 
may be used in practical calculations. 


REFLECTION LossEs. 


This term is usually employed to denote the loss occurring at the 
ends of loaded lines. No loss is usually assumed in any other case. 
The preceding results, however,in which it is shown that the equivalent 
increases with the length of line under consideration and tends to reach 
a constant value somewhat below the theoretical equivalent, indicate 
that a similar loss occurs in each of these cases. An attempt has there- 
{оге been made here to obtain curves by means of which the reflection 
loss at any junction of lines or terminals may be obtained. 

Consider two telephone lines, A and B, of different types, with the 
junction at C. 


Sending end A C B X ^ Receiving end 


Assuming B to be infinite in length the current and voltage at C are 
known in terms of one another. From these the corresponding 
currents and voltages at various points along A can be obtained by 
means of the scale described. The length of standard cable, taken in 
an infinite line, which wóuld increase the same current as at C to the 
same value as at А, may be taken as the allowance for the joint under 
consideration plus the equated length of the section A considered. 
This length of standard cable is read from curves obtained by algebraic 
calculation. By subtracting the equated length of section A from the 
allowance thus obtained, the allowance for the joint can be obtained. 
It is found that the allowance increases to a constant value as the 
equated length of A is increased, reaching this value as a rule when A 
is of the order of 8 S.M. 

A few preliminary trials showed that the allowance depended both 
upon the scalar impedance ratio of A and B and upon the phase differ- 
ence between the impedances of А and B, the total allowance being 
given very accurately by the sum of the two separate allowances. The 
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curves shown in Figs. 8 and 9 were obtained in this way, and give the 
transition allowance between any two types of line or between the 
receiving instrument and line. Fig. ro gives similar allowances 


| 
| 


ла =} | a „== ЭЭР 


ют} 


3 4. p 
Impedance ratio ВА. 


Fic. 8.— Transition Loss at Change of Impedance. 


between the sending instrument and line. In all three curves the 
value of Z, Za, or 2, is the scalar impedance in ohms. 


Allowance S.M. 


о 20 30 40 50 60 7 80 90 тоо по IZO 
Change of phase in degrees. 


Fic. 9.— Transition Loss at Change of Phase. 


It should be noted that the curves shown in Fig. 8 and 9 assume 
that there is a considerable amount of cable on the sending end side of 
the joint, and similarly the curve shown in Fig. 1o assumes that there is 


м 


Allowance S.M. 
o 
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sufficient length of cable in circuit to prevent any interaction between 
the sending and receiving instruments or from any other joint than that 
actually between the sending instrument and the line connected with 
it. In practice, however, very close results are obtained in all the tests 


_of composite lines made up of quite short sections, this being due, in 


all probability, partly to the fact that two or more sections can be 
added together to give the 8 S.M. referred to on page 404, and partly to 
the fact that positive and negative errors cancel. 

A study of the curves shows that there is always a gain in trans- 
mission in passing, from the receiving end, from a line of low 


s E PX. 


7 | TTT TE 
8 800 ео. » E E d 
ос is phase difference between Z,&Z,. | m 


иШ pete 
LR Ie raven 
| EI Ж 


| 
D 


i 
= 


| 
e 


| 
ор 


| 

= 
ne 
a 

| 


EBENEN ы 
1,200 1,600 2,000 2400 2,800 4,200 
Тосоѕ_ 05 ос 4 Zgcos Йо ex 

Zot Ls Lot Zg 


Fic. 10.—Sending Instrument Allowance. 
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impedance to one of higher impedance, and any change of phase 
in the impedances produces a gain in transmission. In passing from 
one impedance to another, if there happen to be a gain in trans- 
mission in one direction, in the reverse direction the corresponding 
loss is not usually equal to the original gain. 


A PROPOSED STANDARD OF COMPARISON. 


When the Post Office and National Telephone Company agree- 
ment was made, the effect of the terminal apparatus in introducing 
reflection losses was not sufficiently appreciated. It has been shown 
in the previous part of this paper that accurate comparison of 
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two lines cannot be made with the standards previously adopted. 
These standards are satisfactory if used strictly in accordance with the 
agreement, since the junction lengths between terminals are fixed, and 
therefore, although the apparent equivalent of the 20-lb. cable specified 
for the junction may not be the true equivalent, the additional reflection 
allowances, and hence the total allowance of the circuit, are constant. 
The various circuits given for different conditions in the agreement 
have therefore definite allowances. If, however, the length of junction 
is altered, since the reflection allowances are constant, the apparent 
equivalent of the line will vary with the length under consideration. 

For example, in testing a certain multiple twin cable by comparison 
with the actual agreement circuit, the apparent equivalent is 18 per 
cent too low when testing 15 miles, and то per cent too low when 
testing 30 miles. 

A more satisfactory standard consists of an infinite line of standard 
cable. This, so far as current distribution is concerned, is equivalent 
to a standard cable with terminals of the same impedance as the cable 
itself. The circuit will then act exactly as an infinite line, since there 
will be no reflection at either end. This arrangement avoids the 
irregular effects produced by the difference between line and terminal 
impedances in the agrecment circuit. 

Lines compared with this standard will give the same allowance as 
that obtained from Figs. 8, 9, and 10. Allowances given in terms of . 
the infinite standard cable I have called “absolute” allowances. A 
comparison of this standard with various others which have been 
proposed by different authorities is given in the summary below :— 

(1) British (and American with slight modification) Standard Circuit 
(see page 392)— This is a complete circuit and gives what may be 
described as actual standard speech. It is composed of two terminal 
instruments and a connecting line. 


Advantages :— 


(a) Does not include frequency. : This is an advantage in that a 
mile of standard cable is always a standard mile, but a dis- 
advantage in that the actual value of a standard mile, 
determined against some absolute standard, is not a fixed 
quantity. 

(b) Tangible, and its practical value easily kept in mind. 

(c) А convenient working standard for instruments and lines. 

(d) Easily reproduced. 


Disadvantages :— 

(a) See advantage (a). 

(b) Includes three quantities : sending instrument, receiving 
instrument, and line. Each is affected by frequency but 
not in the same way as the other two. 

(c) Arbitrary. 

(d) Inaccurate owing to neglect of terminal effect, 
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(2) Dr. Breisig's al = attenuation constant x length. Major O'Meara's 
Cenlibela = attenuation constant x length х тоо. — These аге strictly 
line standards presumably to be used in conjunction with ordinary 
commercial instruments, but this is not specified. Dr. Breisig proposes 
different standards made up to give different line impedances for the 
same al. The standard should be of similar impedance to the line 
to be tested. 


Advantages :— 


(a) The line value is given in C.G.S. units. 
(b) Relative transmission can be given roughly as follows :— 
al = 1 perfect transmission. 
al — 2 good transmission. 
al = 3 indifferent transmission. 
al — 4 bad transmission. 
(c) Easily reproduced. 


Disadvantages :— 


(a) Specifies а frequency, hence must change with each deter- 
mination of speech frequency. 

(b) Definite as regards line but indefinite and arbitrary as regards 
terminals. 

(с) A mixture of calculated figures (for line) and actual 
instruments (for terminals). 

(d) Gives different transmission according to the type of line 
owing to terminal effect—hence the necessity of the 
different standards. 

(с) Does not so powerfully convey an impression of its value, as 
does a standard mile. 


(3) M. Devaux Charbonnel. al expressed in terms of 5 mm. aerial 
wire (about боо lb. per mile).—This, like proposal (2), is a “line” 
Standard. . 


Advantages :— 


(a) Does not include and is independent of frequency. 

(b) Tangible, and its actual value can be kept in mind. 

(с) The most efficient line in use (M. Devaux Charbonnel is 
speaking of France) and hence all others would be 
expressed in terms of considerable lengths of it. (This 
advantage is questionable.) 


Disadvantages — 


(a) Definite as regards line, but indefinite and arbitrary as regards 
terminals. 

(b) Inaccurate owing to neglect of terminal effect. 

(c) Inconvenient as working standard. 

(d) More difficult to reproduce than a cable. 
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(4) Proposed Standard; 20-lb. cable with arbitrary but practical 
constants and terminals giving the same impedance as the line and fed 
with an E.M.F. of 5 volis.—This standard reduces the terminal effect 
to zero. In working with it the terminal is assumed to have the same 
“ sound efficiency " per milliampere as the instrument under investi- 
gation, the only difference being in the terminal loss in the two cases. 
Proposal (4) is similar to (1) with its chief disadvantage removed. 


Advantages :— 


(a) Does not include frequency. Similar remarks apply as to 
proposal (1). 

(b) Tangible and its practical value easily kept in mind. 

(c) Recognizes that the efficiency of a line cannot be dissociated 
from terminal effects, and hence is more accurate 


than (1), (2), (3). 
(d) Contains only one quantity—the line impedance. 


Disadvantages :— 
(a) Arbitrary. 
(b) Difficult to construct as working standard, and would require 
one calibrated from it. 


The only real disadvantage of an arbitrary standard lies in the 
difficulty of ensuring its general adoption. The advantages would 
appear far to outweigh this disadvantage, while the disadvantages of 
standard No. 2 outweigh the only real advantage (a). Advantage (2) (b) 
applies equally to standards (1), (3), and (4) ; disadvantage No. (4) (b) 
is not serious. Working standards can easily be obtained in terms 
of the absolute standard by calculation. This calculation would in- 
volve the frequency but only so far as reflection is concerned, not 
attenuation, and the error, due to an error in frequency, would be 
very slight, if existent. 

Considering each of the foregoing proposals, the last appears 
decidedly preferable, of course as a reference standard only, whereas 
No. 1 is the only satisfactory working standard for all purposes. 


COMPOSITE LINES. 


If strictly accurate results are required on composite lines thcy 
must be dealt with as explained in the earlier part of this paper, 
but if the lengths of the different sections are not too short the various 
reflection losses can be added up from the curves just given. ‘The 
curves will give accurately the terminal losses on all lines of 8 S.M. 
or more, and probably with sufficient accuracy on all lines (see 
examples in table below). 

The following table gives the total reflection losses for a number 
of cases of both composite and uniform lines, as obtained from the 
curves. 
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Allowance in SM. | 


| 


а еня А 

ш cach ad SES Abso- ш кз 
mte | standard 

2 | 425/45 | ọ}ł-lb. cable—6oo-Ib. O.W. — 68 -r7 

3 | 425/45 ! ọł-lb. cable—7o-lb. cable — бз + 22 

4 | 425/45 | ọł-lb. cable—go-lb.* cable—g}-lb. | — 5'0 | 4-35 

] cable 
5 | 425 [45 | 9i-Ib. cable—40-Ib.* cable — 65! 20 


б | 425/45 | 20-lb. standard cable—7o-Ib. bronze | — 58 | 4-277 
7 | 425/45 | 20-Ib. standard саЫе—тоо-1Ь. cable | — 6'3 | + 22 


8 | 467 [42 | 20-Ib. standard cable—150-Ib. O.W. |— 59| 4-266 


9 | 425/45 | 9$-lb. cable — 7'8 | 107 
IO | 425/45 70-Ib.-cable | — 81 + 04 
II | 467 [42 | Multiple twin (4 10-16. conductors) | — 58 | +27 


I | 425/45 | 20-Ib. standard — 85 о 
I2 L.B. 4 m. 20-lb.—2 m. 9}-lb.—7 m. 7o-Ib. | —41 | +44 
678 [63:5 3 m. 20-lb—6 m. 40-lb.—4 m. 
m —20-lb. (АП cable.) 
13 L.B. | 4 m. 20-Ib.—2 m. 94-Ib.—7 т. 70-16. |— 5:0 | 4-35 
678 [63:5 4 m. 20-lb. (All cable.) | 


14 | 467 [42 2 m. 20-lb. cable—6 m. 4o-lb. bronze | — 6:9 | + r6 | 
== —1 m. 10-16. cable—30 т. 100-1. | 
copper O.W.—2 m. 20-1Ь. cable— : | 
30 m. 150-lb. copper O.W.—4 m. 
20-lb. cable 


These curves can also be used of course to prove that transmission 
is the same in both directions on a composite line. This was proved 
in all the cases shown above. Nos. 3, 8, and 14 were also proved by 
the complete graphical construction which gave values for the allow- 
ances identical with those shown above. А number of them were also 
tested experimentally, the figures being given later. 

The table shows that the losses on composite lines may be very 

* Two 20-lb. cables in parallel. 
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considerable. The line impedance may vary from that of a heavily 
loaded cable of say 2000 /o impedance to that of a heavy gauge cable 
of 170 /зо ohms, so that probably considerably greater losses than 
those shown in the table may occür. 

Although the transmission is the same in both directions, the distri- 
bution of current is very different. For example, considering No. 8,at 
the sending end, when this is cable, the current is nearly double what 
it is when the open wire is at this end. If the sending instrument 
is ignored, and the same potential difference impressed upon the line, 
the current is greater at the receiving end when the heavier gauge line 
is at this end. 

Allowances for Apparatus in Circuit in a Line.—These allowances can 
readily be obtained graphically. Strictly speaking the effect on trans- 
mission of any piece of apparatus will depend upon its position in 


^. Fundamental Frequency. Harmonic. 


4 182 | 128 | 213 | 100 | 106 | 227 159 [ото | 770 | 1,065 | 8oo | 742 | 681 795 


5 115 | 83 | 163 | 112 | 143 | 249 | 144 РЕ 815 | 784 | 858 | 866 | 827 


| | | L——— 


Mean | 173 | 109 | 191 | 125 | 125 239 | 160 756 | 915 | 869 | 844 | 735 | 820 


——À —ÁMM——— ————À ——————— 


relation to the rest of the circuit; but in practice an average figure 
is nearly always worked to. To obtain this, the apparatus is supposed 
inserted in a line of standard cable, and the received current evaluated 
for an E.M.F. or potential difference of 5 volts. It will be found that 
the lengths of cable required to give the same current will be different 
according to whether the apparatus is, or is not, in circuit. The 
difference between these two lengths is the allowance for the 
apparatus under investigation. 

A word of warning should be given here as to the interpretation of 
results. With a single frequency it is possible to get pronounced 
resonance effects in some cases, and it is advisable, when breaking 
new ground, not to confine the calculations to one frequency. This 
applies especially to apparatus in shunt on lines. 


III. EXPERIMENTAL RESULTS. 


The Predominant Frequency of the Voice.—Telephone transmission 
measurements have, up to the present, been almost exclusively made 


* Woman. 
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by means of speech tests. The principle of the method is as 
follows :— 

Two circuits are arranged so that they may in turn be rapidly 
switched on to a pair of telephone instruments. One circuit is the 
standard (details of which have been given), and the other the one 
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to be tested. The numbers 1, 2, 3, 4, 5 are then repeated several 
times fairly rapidly, first over the one circuit and then over the other, 
until the observer is able to say which is louder. The cable in the 
standard circuit is then altered and the above repeated. This is con- 
tinued until the two extremes are reached, one in which the standard 
is just better and the other in which it is just worse. The mean of these 
two is the true balance, and the length of cable in the standard circuit, 
minus that in the other, is the allowance for the apparatus or circuit 
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under test, always provided that the lengths of cable are sufficiently 
great. 

It is generally assumed that a frequency of 750 схо or 800 сМ) may 
be used to represent the voice, but so far as the author is aware 
no direct proof has ever been given of tbis, and it is of importance to 
settle this point if accurate calculations are to be made. Ап attempt 
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FIG. 12. 


was therefore made to analyse the wave-forms of the currents pro- 
duced in a telephone when various speakers were talking on the 
instrument. 

Harmonic Composition of the Waves produced by 1, 2, 3, 4, 5, con- 
tinuously repealed.—To determine this, oscillograms were taken of the 
numbers r, 2, 3, 4, 5, separately for б people, 5 men, and 1 woman. 
In order to get a record it was found necessary to repeat the numbers 
fairly rapidly, but every care was taken to keep the voice as nearly the 
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same as it would be in an ordinary test. Figs. 11-15 show the results, 
the letters referring to different observers. 

It will be noticed that there is a marked similarity between all the 
results for any one number, and also between the sets of 1, 4 and 5, 
and 2 and 3. Speaking generally each wave is a slightly damped series 
of oscillations of one frequency (of course only a portion of any in- 
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FIG. 13. 


dividual number is shown here) These curves were enlarged by 
optical projection, and what may be termed the fundamental and 
predominant harmonic measured. A summary of these is given in 
the table on page 411. 

The table further shows the striking similarity between the various 
results. It will be noticed that the woman, who had a soprano singing 
voice, has the highest fundamental of any one tested, and the lowest 
harmonic. It is a well-known fact that the harmonics of a funda- 
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mental, cven if of much greater amplitude than the fundamental itself, 
have no effect in determining the pitch of a voice, and this is well con- 
firmed here in comparing the voices of the various speakers. The 
volume of any voice, however, is fixed by the sum of the volumes of the 
various components, the higher harmonics giving chiefly the effects of 
quality and articulation. In all the cases considered the fundamental 
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was of the order of 5 per cent of the principal harmonic, and it is 
evident therefore that the harmonic is by far the most important factor 
for telephonic purposes. 

These results therefore seem to show that the voice may be 
represented by a very low value fundamental of about 160 сх, and 
a large 5th harmonic of 800 (o. For practical purposes the harmonic 
only need be considered. 
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Fig. 16 shows a wave, drawn from inspection of the preceding, and 
representing roughly an average of them all. This *average" wave 
is slightly different from that given by Mr. B. S. Cohen in his paper on 
“ The Production of Small Variable Frequency Alternating Currents," 
read before the Physical Society in 1908,* being drawn to give a 
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5th harmonic on a fundamental of 160 (NJ). They are both made from 
the same observations, except that the one given by Mr. Cohen does not 
include the tests made with the woman's voice. 

Experimental Tests on Composite Lines.—Confirmatory talking tests 
were made on three of the illustrations of composite lines given on 
page 410. The lines were compared with a 20-16. cable, three observers 


* Proceedings of the Physical Society of London, vol. 21, p. 283, 1907-9. 
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each making two tests in each case. The terminals were the same in 
both cases. 

For example 4 on page 410, the speech tests gave a loss in terms 
of the agreement standard circuit of 3:8 S.M., as against 3:5 from the 
reflection curves. 

For example 5, the speech test gave a loss of 2:1 S.M., against 2*0 
from the reflection curves. 

For example 5, the speech test gave a loss of 2:5 S.M., against 2'2 
from the reflection curves. 

Examples 12 and 13 were similarly compared with a circuit consisting 
of the same terminals with a line of 20-lb. cable only. Speech tests, 
however, were not made in this case, but an alternator giving a sine 
wave at 800 ^, was used instead. In both cases losses were obtained 
identical with those obtained from the curves. 

These results show that the reflection curves can be used for 
composite lines of short sections, and that they give results agreeing 


FiG. 16. 


with those obtained in speech tests. The difference obtained in the 
above tests (amounting to o3 S.M.) is well within the limits of 
observational error. 

Loaded Lines.—No special speech tests have been made on this 
type of line, but the curves given in Fig. 17 show how results calculated 
from Figs. 8, 9, and ro agrce with those obtained from the terminal 
loss curves used by the late National Telephone Company, Ltd. These 
latter are the results of speech tests only. It will be seen that with 
4 and 6 S.M. local lines the two curves are practically identical, but 
with the o and 2 S. M. local lines there is a difference of up to 1 S.M. 
In obtaining the calculated curves the value of the terminal has been 
taken from Fig. 19, but no information is available as to the actual 
value of the terminals used in the speech tests. А very small change 
in the value taken in the o and 2 S.M. curves will make a considerable 
diffcrence in the total allowance. For example, increasing the imped- 
ance of the o ohms local line terminal by 5 per cent (21 ohms) reduces 
the allowance by about 1 S.M. at all points. This brings the two 
curves into agreement for impedances of 1,200 ohms and upwards, 

VoL. 51. 27 
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An error of 5 per cent (32 ohms) in the impedance taken for a 2 S.M, 
terminal reduces the allowance in this case by about о"5 S.M. over the 
whole range. Five per cent variation in the terminal in the other two 
curves makes little difference to them. 


IO 


-==From experimental 
working curves. 


Allowance S.M. 


Я бо 1000 1200 1400 1600 L800 2,000 
Line impedance. 


Fic. 17.— Total Terminal Loss on С.В. Loaded Junctions, compared with 
the same Circuit Unloaded. 


This is a very good confirmation of the methods and results given 
in the paper, since the loaded line is practically independent of 


frequency and the unloaded varies as ,/frequency. 


| Receiving Measurin 
insbrumenb.. instrument. instrumert. 


Fic. 18. 


THE USE OF A SINGLE FREQUENCY FOR GENERAL TESTING. 


The preceding part of this paper shows that calculations made with 
a single frequency of 800 Cw) will give results agreeing with those 
obtained in speech testing суеп on composite lines, so that it should 
be possible to obtain a method of testing with one frequency without 
the use of speech at all. 


1 
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À number of tests were made with a view to getting an arrangement 
sufficiently sensitive without inserting high impedance measuring 
apparatus into the circuit. That finally adopted for L.B. terminals is 
shown in Fig. 18. The line to be tested is interchanged with the 
standard line, which is adjusted to give the same deflection on the 
barretter. 

This arrangement has two main advantages :— 


I. The telephonc circuit is not interfered with in any way. 
2. Measuring instruments of any impedance may be used without 
interfering with the circuit. 


The following table shows a number of experimental results on 
loaded lines together with corresponding results as they would have 
bcen normally worked out. Long local lines were used to reduce the 
reflection at the ends, since it is obvious from Fig. 7 that it is useless to 
test any onc length of line when there is considerable reflection. 

In all cases comparison was made with 20-lb. standard cable 
inserted in place of the loaded line. 

An examination of these results shows that when a terminal trans- 
former is used (Nos. r, 5, 6) the experimental test gives results which 
are practically identical with the speech results when local lines of 4 or 
5 S.M. are used. With the ordinary repeating coils, however, this is 
only the сазе with very long local lines. This is due to the very con- 
siderable reflection occurring in these cases ; the discrepancy becomes 
less as the length of local line is increased. 

94-10. Unloaded Cable.—4A number of tests were made on this, with 
various terminals and frequencies, as shown in the table below. 
Comparison was made with 20-lb. cable with equal terminals in all 
cases. 


(А) C.B. terminals at 800 v» Z, = Z, = 467 142 


(В) » 800 см 2. = 24,22 725 /an 
(C) » » 1,100 N Z, = Z, = 474 |52 
(D) „ j 1,1000 Z, = Z, 2945 /13. 
(E) L.B. » 800 (NJ Z, = Z, = 678 [63 


There is a very great variation of the apparent equivalent (from o'r 
to 0772), on lengths up to 10 miles or thereabouts ; beyond this all five 
results gradually tend to a common value of о:61. 

The theoretical value is 0°626, and the discrepancy is due to the 
different reflection effects occurring at the ends of the 20-1Ь. cable and 
the 93-16. cable. The theoretical and practical results on this account 
will never agree absolutely, though the error is small for lengths of 
about 20 S.M. or more. 


The results obteined graphically agree very closely with the 
experimental results. 


[30th May, 
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IV. GENERAL CONCLUSIONS. 


This paper has been prepared more with a view to providing those 
interested in practical telephony with a means of making accurate 
calculations on their own account, for practical conditions, rather than 
to establish any absolute conclusions. A method such as that de- 
scribed, in which individual cases must be examined, is, of course, 
inferior to a purely algebraic method in which the relations between 
the various factors can be determined. These algebraic calculations 
are, however, of such a laborious and intricate nature as to be beyond 
the reach of most engineers, particularly when any conditions other 
than purely theoretical ones are allowed for; and there is no doubt 
that the actual working out of a few examples will make any point much 
clearer than pages of intricate formulz. This is more particularly the 
case, however, on a graphical construction where the relations of 
the current and potential difference are shown at all points of 
the line. 

This applies, of course, to any graphical construction, but when 
separate squares and rules are made use of it is extremely difficult to 
avoid making slips. With the scale described here the process is 
almost automatic, and very rapid, and by its aid calculations can be 
made which could otherwise only be done by means of advanced 
mathematics. 

It is hoped that sufficient information regarding telephone apparatus, 
and the method of making calculations with it, is given to enable any 
one to carry out investigations for himself. 

In this paper a few illustrations have been given to show how the 
scale may be applied in elucidating controversial points, but many 
others can be equally well dealt with. It is especially suited for :— 


I. The consideration of the effects of terminal apparatus. 

2. The determination of the value of mixed lines. 

3. The determination of the effects of spacing of coils, and 
heaviness of lumping, in loaded lines. 

4. The determination of the effects of the insertion of any 
apparatus in the linc. 


Ап examination of the results obtained shows that, at any rate in 
many cases, quite considerable losses may occur at the points in any 
telephone line where there is a change of impedance. This being so 
the present method of working out the allowance for the line (in which 
the equated lengths of the different sections are simply added together) 
does not appear satisfactory. 

It is the opinion of some telephone engincers that, in practice, these 
losses do not amount to anything worth considering, due either to the 
positive and negative losses cancelling, or to the fact that the voice 
cannot be represented by any one frequency. The results of no detailed 
accurate tests have been published to substantiate this opinion. ‘The 
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experimental results given in the paper show that the method of 
working there given is satisfactory, and that serious losses arc possible. 
The fact that in some cases the various losses and gains cancel would 
not appear to remove the necessity of making a fuller investigation in 
many cases. The curves given in the paper may possibly require some 
slight modification when more detailed tests can be made, but there 
would not appcar any reason why a set of such curves as those in Figs. 
8, 9, and 10 should not be usable to determine the reflection losses at 
all parts of any circuit with few exceptions. 

Finally it would appear necessary to specify more definitely the 
conditions in any tests, either of apparatus or lines. 

While not wishing to be too definite in drawing conclusions, owing 
to the great number of varying conditions which occur, it may be 
stated :-— 


I. For telephone purposes the voice is equivalent to a wave of 
the form shown in Fig. 16, the predominant frequency of 
which is Воо ср; a sine wave of this frequency, if used in 
theoretical calculations, will give results in accordance with 
spcech results. 

2. The normally accepted equivalents of uniform lines (ze. the 
equivalents calculated on the assumption of an infinite linc) 
may be seriously wrong when applied to practice unless the 
equated length of the line is of the order of 20 or 25 S.M. 
This improvement with length, however, is only due to the 

' fact that the terminal loss is then less important with regard 
to the line loss. 

3. The equivalents of heavy gauge open wire lines may be 
improved by the addition of cables at the ends. The relation 
between the impedances of the various factors, however, 
must be taken into account in determining the amount. 

4. The terminal apparatus plays a most important part in 
transmission, the sending instrument no less than the 
rcceiving. 

5. The reflection loss at any point of a circuit may bc obtained 
froni the curves given in the paper. 

6. The present system of making telephonic calculations, viz. by 
adding together the equated lengths of the various sections 
of a line, is only approximately correct. То obtain accurate 
results the various reflection losses must be added. 

. The present standard of comparison does not appear to be the 
best as a reference standard, though this or a similar one 
is necessary for a working standard. A better reference 
standard consists of a standard cable with terminals giving 
no reflection. 

The overall transmission is the same in either direction over a 
line composed of 2 or more differing types, though thc 
distribution of losses is not the same. 


“I 
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9. Loaded and other lines may be tested with sufficient accuracy, 
without the aid of speech, if suitable precautions as outlined 
in this paper are taken. 


In conclusion, the author wishes to express his indebtedness to the 
Engineer-in-Chief of the late National Telephone Company, Ltd., 
and the Engineer-in-Chief of the Post Office, in whose Research 
Laboratories most of the experimental results were obtained. 


V. APPENDIX. 


CONSTANTS OF APPARATUS, ETC. 


1. Terminals.—Figs. 19, 20, and 21 show the constants of complete 
common battery and local battery terminals under various conditions. 
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The irregularity shown in the curves on local battery terminals is due 
to the fact that the impedance of the receiver varies very considerably 
at its point of mechanical resonance. Each curve includes the average 
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of six receivers. The impedance of the local battery terminal varies 
very little with alternating current and that of the common battery 
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Fic. 20.—Impedance of L.B. Terminal, P.O. Pattern, at оз Milliampere 
Alternating Current. 


2. Apparatus.—To give adequately the impedance of any piece of 
telephone apparatus a set of curves would be necessary showing the 


Frequency. 
Fic. 21.—Impedance of L.B. Terminal, National Telephone Company 
Pattern, at 0:3 Milliampere Alternating Current. 
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variation with continuous current flowing, alternating current flowing, 
and frequency. The following table, however, will give an idea of the 
order of values obtained :— 
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3. Cables. (All figures are per mile.) 


Resist- 


Weight. апсе Inductance. Capacity. Leakance. 
Ohms. Henry. Farad. Mhos. 

63 Ib. 272 Nil. 0:0639 х 10-$ 5 X 1076 

IO ,, 176 O'OOI 0'07I4 X 10-5 5 x Io-6 

20 , 88 O'OOI 0'0714 X 10-6 5 X I0-$ 

40 , 44 O'OOI 0'0714 X Io-$ 5 X 10-6 

70 4 26 O'OOI 0*07I4 X IO-5 5 X 10—65 

IOO , 18 O'OOI 0'07I4 X 10-6 5 x 10—6 

ISO ,, I2 O'OOI 0'0714 X I0-$ 5 X 10-° 

200 , 9 O'OOI 0'0714 X 10-6 5 x 10-5 

20-lb. Standard. 88 O'OOI 0:054 X IO-$ 5 х I0-$ 

| 
4. Open Wire Lines. (All figures. аге per mile.) 
Weight.. сезе Inductance. Capacity. Leakance. 
| Ohms. Henry. Farad. Mhos. 

4c-lb. bronze 90'00 | 0'00420 | 000750 x їо—© I x 1076 

70-lb. „ 52°00 | 000400 | 0'00786 x 10-6 I X Io* 

100-lb. copper 18°00 0'00390 o'o0810 х 10-6 I x 10-5 
150-lb. „ 11:90 | 0700376 | 000840 x 10-5 IXd0* 4 

200-lb. ,, 9*00 | 0'00366 | 000862 x 1076 I X I0-5 
300-1Ь. ,, 5'86 0'00355 0:00893 X 10-? I X 10-* | 
400-16.  ,, 4'50 0°00344 0'00920 X 10% IXIO- — 

600-lb.  ,, 2°97 000331 0'00959 х 10-6 I x 10 
800-lb. ,, 2:25 | 0'00322 | 000987 x 10-6 I X 10-6 | 


DISCUSSION. 


Mr. B. S. CoHEN: I can bear testimony to the value of thé graphical 
method and the vector scale as labour-saving devices for practical 
working, and I would emphasize that where the full data are known 
the results given by calculation have been proved to coincide with those 
obtained by experimental observation. On page 396 Mr. Aldridge refers 
to the difficulty in obtaining a simple method of settling the best value 
of the length of section. I suggest that it might be possible to over- 
come this difficulty by an adaptation of Professor Pupin's equivalent 
sine formula applied to the general case of any telephone line. We 
know that in the case of loaded lines a spacing giving 7,000 coils 
passed by an 800-^ wave in one second of time gives the best results 
in practice, and in working out such a case graphically the spacing 
would be determined by this figure quite irrespective of the error due 
to the graphical construction. In the case of the unloaded line a value 
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based on some modification of this could be applied. Оп page 398 refer- 
ence is made to the actual E. M.F. normally obtained when speaking. It 
should be pointed out that the 1'2 volts obtained with an L.B. instru- 
ment refers to a hand micro-telephone, and that it is quite possible 
to equal and even exceed the С.В. voltage of 5°5 volts with some 
of the fixed transmitter L.B. instruments in general use. On page 401 
there are two tables giving the equivalent of a 600-lb. open copper 
wire line under various terminal conditions. As the actual equated 
lengths, i.e. the speaking values of the various combinations of the 
line and the terminal, are not indicated by these tables, I would draw 
attention to the following values for a 200-mile line under various 
terminal conditions : 200-mile line, direct C.B. terminals = 10:2 S.M. ; 
with 4 miles of 20-lb. cable at receiving end = 8:8 + 4 = 12:8 S.M. ; with 
4 miles at receiving end and 2 miles at sending end = 7'9 +4 + 2 = 
13:9 S.M. ; and with 4 miles at each end = 7:1 + 4 + 4 = 15'1 S.M. 

It will thus be noted that, as indicated in the last paragraph on 
page 402, in no case will the transmission of the complete circuit be 
improved when cable is added, and although it has been suggested that 
under certain conditions the addition of terminal cable to an open-wire 
trunk line might improve the transmission, I know of no case in which 
this actually takes place. With regard to Fig. 7, there does not appear 
to be any speech test which shows any definite trace of the waviness 
illustrated in that figure. Indeed, all speech tests on loaded lines 
appear to confirm that this waviness is entirely a mono-frequency 
effect. There are three variants which are not allowed for in all these 
calculations, and which may have a considerable effect on the results. 
In the first case the line leakance is assumed to have a constant value, 
although in practice it may vary with both the frequency and the 
amplitude of the applied speech wave. The second variant is the 
change of impedance of the terminal instrument with frequency and 
current ; a good idea of these fluctuations is given by examining the 
curves in the Appendix on page 423, Fig. 19, where, however, there is 
no change with the amplitude of the current. The effective resistance 
varies, however, from about 300 ohms to nearly 1,200 ohms with a 
change in the frequency from 100 to 800; and the reactance changes 
from — 400 to + 400 for a change in the frequency from 300 to 1,600. 
The third factor to take into account is the variation in the efficiency 
of telephonic apparatus with the load. These three variants un- 
doubtedly complicate the result, but it appears to be necessary to 
allow for them in order to get at the real efficiency of any combination 
of telephone line and terminals. With regard to standards, what Mr. 
Aldridge proposes is to have a terminal instrument of the same impe- 
dance as that of the line. All that this amounts to-is to retain the 
existing standard, but always to make due allowance for the terminal 
effects, which in the case of unloaded lines have hitherto been con- 
sidered negligible. It is suggested, however, that a standard might be 
constructed having the same value as the line impedance. This, of 
course, involves an instrument with a negative angle, and the only 
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telephonic apparatus of this nature that could be constructed appears 
to be a condenser telephone, which, in its present state of evolution, is 
not at all suitable for usc as a standard. Mention is made on page 429 
that under certain conditions it is possible to make standard cable 
measurements of loaded lines against unloaded ones, using a single 
frequency. It should, however, be emphasized that this can only be 
done when there is negligible reflection effect, and that we are still 
waiting for a satisfactory multi-frequency wave which will give accurate 
standard cable measurements for all conditions of the line. This is one 
of the many important things that the telephone engineer who deals 
with transmission questions has still to determine. 

Mr. J. G. Нил, : I quite agree that if the assumptions on which Mr. 
Aldridge has based his work are accepted, the results he has drawn 
inevitably follow, and, in fact, I think that without any qualification 
many of them follow іп any case. But it seems to me that the object 
which we should try to attain in making such calculations is to produce 
results which enable us to predict the effective value or quality of 
speech in any given case. That being so, we must take into account 
all the main factors which affect speech, and I find that Mr. Aldridge 
has not done that. In making any calculations of that sort there are 
three prominent things which must always be taken into account. The 
first is the attenuation ; the second is the difference in the impedance 
of apparatus and lines, such as Mr. Aldridge has already taken into 
account; and the third is the distortion in the circuit, which Mr. 
Aldridge has not dealt with so far as I can see. This distortion is a 
very important matter in my opinion. One can see from the trans- 
mission formula that in the case of high-resistance cable we get a very 
different result from that which we get for an open line. The formula 
for the attenuation constant in a high-resistance cable is very simple ; 
it is 15 КЕ, where p represents 2 т times the frequency, K is the 
capacity in farads, and R the resistance, per unit length. But in the 
case of an open line, as is well known, the formula becomes— 


V} (ке + f? Lo) (S? + f? K*) H4 (RS — f^ L E), 
where L is the inductance and S the leakance per unit length. Asa 
matter of fact, those accustomed to compare underground circuits with 
open lines find a great difference in the tone and quality of speech 
in those cases, and I suggest that that difference materially modifies 
the results that are obtained bv calculations which do not take 
it into account, as in this case. There are also one or two other 
factors which come into play if we are to obtain correct results. 
In any long telephonic circuit we have apparatus placed at different 
points along the line, and in addition to the separate cffect of 
those pieces of apparatus we often have a joint effect which is some- 
what tantamount to a loading effect. For instance, supposing we 
have two circuits, which we know as transformer circuits for 
superimposing, three or four such circuits can be put in series, but it 
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does not follow that we necessarily obtain the losses that might be 
expected on a first examination. As a matter of fact, they appear in 
some cases to be notably less, due to some loading effect. Then, 
again, taking an ordinary common battery circuit, of which we have a 
large number in London, we find in making speech tests on subscribers’ 
circuits some distance from the office that we can regard the line for 
speech transmission purposes as a pure resistance rather than made up 
of capacity and resistance ; in other words, we get some improvement 
which we might not be able to calculate without great complication. 
Then, again, during the past ycar another question has been looked 
into very closely, namely, the value of open-linc electrical constants at 
telephonic frequencies. It is found that some of our so-called constants 
are in a continual state of flux : for example, the capacity differs and 
the lcakance varies from the values usually taken for calculation. 
During last winter an overhead circuit having a 300-10. conductor was 
selected and a series of observations made upon it during a period of 
four months. It was found during that period that there was a large 
variation in the attenuation losses. In fact, during that period there 
was a variation of r6 per cent in the attenuation constant. It was 
also found that the leakance of an open line was on an avcrage 
three times as great taken throughout the winter when tested at 
850 cw per second as it was for steady current tests. It was 
further found that the leakance due to alternating current on open 
lines can be split up into two parts—a direct loss of current and a 
sort of hysteresis effect. First of all when the weather is extremely 
wet, the real leakage predominates; but in the case of very fine 
weather we get altcrnating-current Ісакапсе, at a frequency of 
800 c» per second, as much as ten times more than that observed 
by continuous-current measurements. Incidentally I may mention that 
the mean value of the insulation was not far from 1 megohm per mile 
(the value usually taken for transmission open-line calculations), but the 
range of variation was considerable. In view of the foregoing facts, 
and more particularly owing to those relating to distortion, experiments 
have recently been made by means of voice tests to obtain confirma- 
tion of the adequacy of calculations such as those made by the author. 
Some losses and gains over the ordinary line values were found, but 
the losses were in no case so great as predicted, so far as could be 
observed. In one particular case three observers made tests on an 
open-line circuit by comparison with a standard cable as carefully as 
possible. The difference in tone that is obtained on a standard cable 
as compared with an overhead line makes it very difficult to obtain an 
exact comparison between the two ; but finally certain definite values 
were obtained. We next tried to obtain the same values on the same 
circuit and on the same evening from an alternating-current machine, 
but we could not exactly reproduce our speech results at any single 
frequency (multiple tones were not tried). My conclusion up to now 
is that there is reflection loss (as well as gain) on unloaded lines, but 
that there are other phenomena which mask the loss toa certain extent 
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and that possibly the most important of those factors is that of the 
greater purity of speech on long open lines, and the clearness and 
difference of tone that is observed in such cases as compared with the 
standard cable. As regards fixing a transmission standard, it is neces- 
sary in determining the standard to adopt some point of view. We 
must assume a short or long line. It has always been the practice of 
the Post Office up to now to assume a line of the maximum length over 
which commercial speech can be conducted, the argument adopted 
being that if one can speak over the longest possible length of line with 
the telephone at one's disposal it is quite certain one will be able to 
speak over any intermediate length. А very short line would give an 
ample margin of volume of speech, and one need not trouble to the 
same extent over the proportional losses observed on short lengths, 
although it is well we should know them and consider them when 
necessary. "The losses to be taken into account differ with the point of 
view adopted. For example, apparatus involves a minimum loss on a 
long line, as shown by Mr. Aldridge, compared with its proportional 
loss on a short length of line. But there is another point which I rather 
think Mr. Aldridge might have brought into a little more prominence 
in this connection. If the apparatus has a minimum effect on a long 
line, it is still true that the reflection of a long length of cable inserted 
in the middle of two long lines assumes a maximum effect as compared 
with a short length so inserted ; and it scems to me that this point will 
require to be emphasized. As regards the last paragraph on page 402 
relating to the advantage gained by the use of uuderground lines, there 
is no doubt that in the conditions mentioned by Mr. Aldridge we 
should get some improvement, but from the point of view of the long 
line an underground length at the end of the line gives the minimum 
benefit. Further, it is difficult to say what is the end of a telephone 


‘line. A trunk line may be extended anywhere on either side, and 


therefore it is difficult to give the underground line the particular value 
Mr. Aldridge attaches to it. As regards standard apparatus, I quite 
sympathize with Mr. Aldridge in his attempt to improve our standard. 
It seems to me that at the present time, from the speech test point of 
view, the standard is far from ideal, if one takes into account the differ- 
ence of tone observed in speech tests on underground and overliead 
circuits. The standard in use is at one end of the tone scale, i.e. it is 
a high-resistance underground circuit with relatively poor articulation. 
It seems to me it would be a much better idea (if the standard were 
changed) to select some line in the middle of the tone scale, that is to 
say, a conductor in which the tone and the distortion of speech were 
midway between the underground, high-resistance, relatively-inefficient 
line and the overhead, very-efficient line. The standard proposed by 
Mr. Aldridge would, I think, be difficult to realize. In conclusion, I 
should like to say that although I consider the paper is a very valuable 
contribution I also think that before we arrive at finality much requires 
to be done, and I will add that the factors involved are, in my opinion, 
such as to make it generally highly desirable that mathematical calcula- 
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tions and predictions based on them should be verified where possible 
by voice tests in all important cases. 

Mr. J. E. KINGSBURY : I do not think this is a paper which I can 
presume to discuss. I read the first page with some hopes, which 
were dashed when I turned over to the second. It is, in fact, a 
mathematical problem ; the whole subject teems with it; and all I 
can do is to express my gratification that we have a paper on this 
practical subject which really is the root and essence of telephonic 
transmission. To know what goes on in the line and what goes on 
in the apparatus inserted in the line is of the utmost importance ; 
and how the line is to be constructed and what it will cost are things 
that depend upon researches such as those which Mr. Aldridge has 
put before us. І must leave others to speak of the interesting scale 
which he has devised. I can, however, express the hope that it 
may facilitate research, and that it may enable numerous men to 
carry out calculations which now can only be done by the few. 


It is possible and probable that some improvement may be attained іп. 


the unit which was selected by Sir John Gavey and Mr. Gill for a 
very practical purpose. The cable in qeestion was called the “ Con- 
ference Standard Cable," the specification for which was drawn up 
by a conference specially called for the purpose. А mile of that 
standard cable was the unit adopted by Sir John Gavey and Mr. Gill 
for purposes of comparison. I believe that the instruments specified 
were sealed and set aside so that they might be available for prac- 
tical demonstration when the time came to compare the talking 
qualities of lines in accordance with the agreement. Therefore, what- 
ever improvement may be possible in that unit of measurement, I 
think we ought to express our appreciation of the work of Sir John 
Gavey and Mr. Gill in having, for that practical purpose, defined 
Such a standard. There is one other point to which I wish to 
refer, and that relates to the frequencies which are selected in the 
table. The author has indicated that the fundamental note is of 
less importance than one of the harmonics. I hope that it may not 
be taken for granted that the particular harmonic which is pre- 
dominant, and which the author selects in his table, is the final one. 
I hope there will be further tabulations and discoveries. When we 
remember the importance of the higher harmonics for articulation it 
may well be that some other rate of vibration should be selected as 
à result of experiment and analysis. 

Mr. Е. GiLL : I want in the first place to repeat what other speakers 
have said, that I hope the author's method will meet with very great 
Success, and I am quite sure the work he has done in endeavouring 
to bring home not only the scientific side but also the practical 
side will bear good fruit. There is one point, which I mention 
merely to prevent some statements passing into history wrongly. 
All the references to the history of transmission in this country are 
not quite accurate. Some of the work was done before Mr. Aldridge 
entered the service of the National Telephone Company, and it is 
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therefore quite natural that some of the references he makes are 
not quite correct. Since Mr. Kingsbury has made a remark 
about the standard, I think I also ought to say that the standard 
cable and the standard instrument were only adopted in this 
country. They were first used in the United States by the 
American Telephone and Telegraph Company’s engineers, and when 
a standard had to be started in this country in 1904 some of 
us thought it was more desirable to adopt a standard which was 
already in use, which had done very good work, on which a great 
deal of expenditure had been made, and which would form the 
basis of an International standard, rather than set up some standard 
of our own. Consequently we accepted the American conference 
cable, which differed slightly—not very much—from the cable 
commonly used in this country. It wasdone deliberately, and, looking 
back, I cannot help thinking it was done wisely. It was an endeavour 
to get at an International standard. Since then I know that practical 
standard has spread to several countries. It is in use in quite a 
number of the British Dominions, and also in some countries on the 
Continent. I think it is very greatly to be desired that telephone 
engineers should endeavour to seek for an International standard in 
this matter. It may not be the best thing, but all I want to suggest is, 
do not change it lightly, and, above all, do not change it until 
we are certain regarding any proposed standard from a practical 
point of view. Dr. Breisig—I think it was in Paris in igro— 
proposed the 8} standard, or al, as Mr. Aldridge has called it. That 
seems to me to be wrong, as far as I understand it, for this reason, that 
I do not see any use in having a telephone standard unless it covers 
both the line and the instrument ; and so far as I know, Dr. Breisig has 
never proposed—and I do not think M. Devaux Charbonnel has either 
—to adopt a standard instrument; and unless we have both the line 
and the instrument standard two engineers cannot think alike. If I, 
using one instrument, am giving a standard to telephone users of 3al, 
while another, using a different instrument, is giving the same al, the 
two figures do not convey the same meaning because they are not 
based on the same instruments. "Therefore I think some of thc pro- 
posals to specify what the author calls a line standard only, are wrong, 
because they are incomplete. I think they are wrong also in another 
way, that they only deal with one portion of the propagation constant. 
We have to deal with both the attenuation constant and the wave- 
length constant, and these proposals focus all the attention on the 
former and neglect the latter. While it is true that in ordinary 
practical work telephone engineers look on attenuation as the main 
thing, I do not know that it necessarily follows that will always be so. 
The present standard is arbitrary ; I suppose it is not very scientific ; 
but it does seem to cover a great many of these points. I think it is 
quite likely, as Mr. Aldridge says, that it is wrong, in that the instru- 
ment used bas an impedance which reacts on the line so that the 
line values do not read correctly on different lengths; and if Mr. 
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Aldridge can make that better, either in the shape of the correction 
proposed by Mr. Cohen or in the shape of a primary standard instru- 
meat, that is all to the good. While on this subject there is one other 
tuing I want to say, and that is that transmission has not only got to be 
passed along the line but also down theline. There is по use in having a 
transmission department working out calculations and not passing their 
results down to the construction and maintenance engineers. I have 
seen more than one case of that sort. I remember one case in 
particular where the pcople at the top knew quite a lot about transmis- 
sion, and were apparently, as far as I could judge, quite expert on the 
matter. But on going into the exchanges and talking to the staff about 
the lines they were using, one found that they were quite ignorant on the 
matter. While the men at the top apparently knew what was right, 
the information was not passed down the line, and the construction 
engineer was not able to handle the transmission properly ; the trans- 
mission question was reserved for long-distance work and that sort of 
thing. As I understand it, the importance of transmission lies very 
largely in the short lines. It is exceedingly important on the long lines, 
I admit, but a very great deal of the moncy side of it is on the short 
lines. 

Mr. H. KINGSBURY : I do not wish to criticize unduly Mr. Aldridge's 
paper, but I should like to say one or two words on the subject of fre- 
quency. Apart from the question whether it is correct to use a single 
frequency in calculations such as these, I think the manner in which 
Mr. Aldridge arrives at the mean frequency of 800 ^J is rather mislead- 
ing. On page 411 he gives a table which includes the results obtained 
from five men and опе woman. I do not know what Mr. Aldridge's 
precise reasons are for including one woman only among five men, but 
he certainly obtains a figure which, from the data, might not be 
regarded as a fair mean. Asa result the mcan frequency of the waves 
of the oscillograms shown on the screen is given as 800, whereas 
if he omits the woman I think he will find that the order of the mean 
harmonic is about the sixth, which, on a fundamental of 145 Qu, taking 
the mean of the five men, gives a frequency of 870. It scems to me, 
however, from what Mr. Hill has said, that some doubt may be ex- 
pressed as to the value of the single frequency in calculations. Where 
we have a method of calculation, such as Mr. Aldridge has described, 
which is expeditious and can be readily undertaken by any one with a 
little mathematical knowledge, it seems that a method involving several 
frequencies over the important range of speech ought to be formulated 
it strict agreement is to be obtained between speech results and 
calculations. [t is true that a mean frequency of approximately 800 
may be assumed, but there is a large number of frequencies, 
extending both above and below that, which should not be ignored at 
all, and it is quite evident that certain types of apparatus which vary 
greatly in impedance with frequency will give entirely erroneous results 
if calculated on one value. Frequencies in the neighbourhood of 800 
apparently predominate, as is shown by most of the oscillograms, 
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because this is the order of the natural frequency of the mouth cavity 
in a normal attitude, and probably such harmonics are present in the 
majority of vowel sounds. But 800 ^w is not necessarily the charac- 
teristic frequency of an average vowel, and it must be remembered 
that in a vowel it is the characteristic harmonic which is most impor- 
tant. It may be mentioned that some experiments have been carried 
out recently in the Post Office in which speech tests made with the 
vowel “аһ” (the characteristic harmonic of which is about 800 NO) 
instead of “ one, two, three, four, five," do not agree with the ordinary 
specch results. No single frequency will invariably give true results. 
The calculations may be near cnough for most purposes, but I 
think that, as time goes on, greater attention will have to be paid to 
higher and lower frequencies if the question of articulation is to reccive 
the attention which it certainly deserves. I think articulation has been 
given rather a secondary place so far in transmission experiments, and 
most quantitative measurements have been referred to volume. This 
has given rise to the adoption of a single frequency, which has been 
found quite satisfactory for most work in the past. I only mention this 
point because I think that as calculation has been made so easy 
by the method described by Mr. Aldridge it would repay the engineer 
to occupy the time saved in taking several frequencies instead of one, 
and working out each case over a large range. In this way any line 
apparatus or circuit could be expressed not only in terms of its volume 
allowance, but also as regards its effect on quality and articulation. 
Mr. Aldridge refers to this question himself on page 411 in connection 
with the interpretation of results. 

Mr. J. W. ULLETT (communicated) : I should like to draw attention 
to the author's definition of * allowances " as given on page 392, and to 
point out that this definition is in direct opposition to that adopted by 
the Post Office authorities and detailed by Mr. B. S. Cohen in his paper 
on “ Standard Cable Measurements " in the April number of the Post 
Office Electrical Engineers’ S'ournal. As the latter definition appears to 
be more universally adopted, I suggest that it would very much simplify 
matters if Mr. Aldridge could see his way to adopt the official defini- 
tion in revising his paper, or atany rate take the same steps by footnote 
or otherwise to draw attention to the discrepancy. 

Mr. A. CAMPBELL (communicated): Mr. Aldridge has done good 
service to the telephone engincer by extending the ordinary formulze 
so as to take into account the sending instrument. His vector scale 
will also, I am sure, be of value in other applications of vector quanti- 
ties. I should like to say, however, that it is absurd to expect the 
general adoption of any arbitrary standard. Such a standard can only 
be considered as a temporary expedient which is certain to be altered 
as soon as the users acquire sufficient scientific insight and practical 
breadth of outlook. I would point out that the commonly used test 
words, ' one, two, three, four, five," have been chosen in a quite 
arbitrary manner and without any consideration as to whether they 
form a proper representative sample of the sounds of the English 
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language. То test this point I have taken the first paragraph of the М 


author's paper and counted the number of times each different vowel 
sound occurs in it. Every one of fifteen different vowel sounds 
(including three diphthongs) occurs in the paragraph, but the three 
short vowels in “ bat, bet, bit" form more than 50 per cent of the total 
number, and yet no one of these three commonest vowel sounds occurs 
in the five test words. The five vowel sounds of the test words repre- 
sent only about 22 per cent of the total number of vowels in the 
paragraph analyzed. As the vowels contribute the greater part of the 
energy of the sound transmitted, the above statistical examination is 
sufficient to show that the arbitrary “one, two, three, four, five" does 
not form a very adequate sample of our language. "The reply will be 
made that the words appear to have given satisfactory comparisons of 
various lines ; but that is no proof that a group of words specially 
selected for their component sounds would not give better discrimina- 
tion. (In this connection the paper on “ Telephonic Intelligibility," by 
Dr. G. A. Campbell, in the Philosophical Magazine, vol. 19, p. 152, 1910, 
is of importance.) I am still quite sceptical as to the proof that a 
frequency of 8оо схо per second is sufficiently representative of the 
human voice; this average frequency may prove to be more closely 
related to the present design of transmitters and receivers than to the 
actual human voice, and it seems incredible that it can be equally 
representative of both men's and women's voices, in which the funda- 
mental frequencies are a whole octave apart. In conclusion, I would 
remark that it seems to me extraordinary that telephone engineers make 
no study of what they are endeavouring to transmit efficiently, namely, 
the sounds of language. Can they tell us, for example, the relative 
frequencies of the main components of the three sounds—English s, 
English s, and German sch ? 

Mr. С. M. SHEPHERD (communicated): The author has made a 
praiseworthy effort to circumvent the serious mathematical complica- 
tions that arise when complex circuits are considered, though it is 
questionable whether the graphical method will ever command a large 
following, elastic as it undoubtedly is. It is certainly an excellent 
method for dealing with irregular loads and short-section mixed lines, 
otherwise there does not appear much that cannot be handled by the 
hyperbolic formule of Kennelly, which, now that fairly extensive 
vector tables and charts are available, are within the province of any 
engineer. Turning to the first table on page 399, I should like to know 
the reason for the increase in the error when the length of the section 
is reduced to half a mile. One would anticipate that the error should 
be sensibly zero here, because, even granting that it becomes more 
difficult and tedious to carry out the geometrical construction with 
accuracy, the chances of error would be equally positive or negative, 
and should cancel out in the aggregate. The author's reflection curves 
(pages 405-6) are valuable and instructive. Here, however, it appears 
to me that many practical cases can be dealt with analytically in a 
more expeditious manner. Thus to find the transition loss for a change 
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of construction (I strongly object to the word joint !) in a reasonably 
long circuit, let Z, and Z, be the characteristic impedances, and 
consider a wave passing from Z, to Z,. 


The transmission coefficient is m — # é: and the reflection 
. е Р] — 7, 
coefficient -m = 2-6", 
icient is І — m Z. +7, 
These are well-known expressions. 
ae 247, | Е Я 
Writing ZXZz^ e“cis(— 9), and the ratio of impedances 


r, 


fi T — UL aL. a 
„= 7/0, it is found that a = log p Ji+r+2rcos ө; ais equivalent 


to an attenuation, and is casily convertible to a length of standard 
cable. Fig. A shows a curve deduced from experimental data, and 
which is used for getting the loss between two sections of a differently 


Standard miles. 


© 


Impedance ratio. 
Fic. А. 


loaded line. It is really a mean curve covering transmission in either 


direction, and to make a theorctical computation comparable with this 


it is necessary to take an average of the allowances found by the above 
formula for transmission from Z, to Z,, and Z, to Z,. The dotted line is 
the result, which is in close agreement with the working curve. It is 
as well that the question of the apparent equivalent of “ finite " lines 
has now been raised publicly. I obtained variations very similar to 
those shown by the author on page 401 some eight years ago when 
experimenting with Kennelly's formulz, but for various reasons it was 
then considered undesirable to introduce complication into the recently 
standardized figures. It should be mentioned, however, that we have 
not much confirmation of these effects at the present time, whilst the 
standardized equivalents were established by lengthy tests on mauy 
trunk lines by the joint administrations. I have some difficulty in 
following the author's remark on page 407 that the reflection allowances 
are constant. All the work that he has done proves that they are any- 
thing but constant, except on so called infinite lines. But why bring 
infinity into a question of this sort? The term semi-infinite line, 
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proposed, I believe, by Professor Fleming, seems a more rational апа М 


easily comprehended phrase. It is a pity that the experimental results 
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for loaded circuits given on page 420 were not individually checked by ` 


speech. The discrepancy between the 800-~o test and the working 
curve allowance is in several cases considerable. This may either be 
due to the fact that the working curve is a mean of a number of rather 
discordant observations, or else to actual insufficiency of the alternating- 
current method of testing. А good deal of work yet requires to be 
carried out before we can with confidence apply a current measure- 
ment to determine the equivalent of any sort of circuit, and in this con- 
nection I am inclined to think that conclusion (1) on page 422 is rather 
premature. The points I had in mind, however, have been covered 
by other speakers, and there is no need to say anything further on this 
matter. ; 

Mr. A. G. LEE (communicated) : The subject of graphical calcula- 
tion of alternating currents, introduced by Blakesley many years ago, 
has not received the attention that its importance warrants. In its 
application to telephone transmission calculations its usefulness lies 
chiefly in enabling us to calculate the transniission properties of non- 
uniform circuits, that is, lines of different types joined together. 
Reflection is always present at the junctions of such lines, and the 
mathematical calculation of the transmission is extremely tedious and 
lengthy, while the operation may be performed graphically in a com- 
paratively very short time. A further advantage of the graphical 
method is that it gives onc a clear picture of the variations of the 
current and voltage along the circuit in a way no mathematics can 
equal. The vector scale introduced by Mr. Aldridge is a very ingenious 
and, in experienced hands, useful instrument. I do not think it is any 
quicker in operation than the older methods, using adjustable set squares, 
which can now be purchased at various instrument makers, but it has, I 
think, the advantage of being slightly more accurate, as one can work 
with a larger scale. The method used by Mr. Aldridge of taking into 
account the impedance of the apparatus at the sending end is open 
to some objection from a theoretical point of view, as it assumes the 
E.M.F. produced in the secondary of the induction coil to be constant 
for cvery circuit to which it is applied. . I used this method in a paper 
on telephone transmission on non-uniform circuits, treated graphically, 
published in the Post Office Electrical Engineers S ournal in 1910, and 
suggested the application of a coefficient to correct for differences in 
E.M.F. on different circuits ; but at the present time I prefer to assume 
a constant E.M.F. іп the microphone circuit, and to express the sending 
end apparatus in the form of the equivalent T or I, in which form it is 
easily applicable to graphical calculation. The calculation of simple 
reflection effects is very much facilitated by a diagram due to Franklin 
(see “ Electric Waves," by Franklin), and the Franklin graphical 
method, if 1 may so term it, forms a very useful alternative to that of 
Blakesley in many practical problems. In the Franklin method the 
current and voltage are both divided graphically into advancing and 
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reflected waves. These waves are dealt with separately, the actual 
current (or voltage) at any point being the sum of the two waves at thc 


“point. The process of calculation is very simple, due to the fact that 


each wave suffers only normal attenuation, and in both waves the ratio 
voltage/current == Z,, the characteristic impedance, at every part of the 
line. In the total current wave, of course, the ratio (voltage)/(current) 
is variable from point to point of the circuit. With regard to the 
subject of a mean frequency of 800, I am afraid my experience has not 
been so fortunate as that of Mr. Aldridge. I have not found that any 
single frequency on a non-uniform circuit will give the same absolute 
values as given by a speech test, though a frequency of 800 is not far 
from correct, and it is necessary to make calculations at more than one 
frequency. This, in any case, is what might be expected from thc 
complex nature of telephone waves. A good electrical method of 
testing lines, free from the variations of ordinary speech, is very much 
wanted, but although the results obtained by Mr. Aldridge in his alter- 
nator tests seem all that is to be desired, yet I think the balancing of 
the circuits by means of a barretter is open to question, as a speech 
balance depends on physiological as well as electrical and mechanical 
conditions. For example, it is not readily understood how the principal 
constituent of a man's voice is a harmonic of 800, when the ear does 
not convey that impression. I think I am right in assuming, therefore, 
that the ear plays a very important part in the balance. The standard 
proposed by Mr. Aldridge would be an improvement on the existing 
standard, if it is possible to construct terminal apparatus with a 
negative phase angle and having the same efficiency as an ordinary 
terminal set. This, I think, is an extremely difficult matter. The 
present standards make no allowance for varying distortion ratio and 
reflection effects, and on the whole I think I should prefer a plain 
resistance standard, which would have no reflection, and would, at any 
rate, form a standard of perfection so far as distortion is concerned. 

Mr. A. J. ALDRIDGE (communicated reply): The general impression 
which I gather from the discussion is that the idea prevails that 
reliable calculation is impossible owing to the number of variables in 
the problem. I submit that such is not the case. I must also point out 
that the paper was not put forward as the last word in telephonic trans- 
mission, but as giving a simple means of making reliable calculations for 
practical conditions. "This contention has not been proved fallacious. 
Different speakers have expressed opinions as to the possible variations 
which may occur in the quantities dealt with. Ido not think, however, 
that they have given sufficient weight to the experimental results in the 
paper, which are shown in all cases to agree with the calculated results. 
Moreover, they have produced no figures to substantiate their opinions. 
It would appear that the variations mutually cancel or are insignificant. 
It is admitted, of course, that atmospheric conditions will modify some 
of the constants of open-wire lines, but no calculation can cover this 
exactly; reflection losses, however, occur under all conditions, and 
ought therefore to be allowed for. 
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Exception has also been taken to the use of a single frequency, on 
the ground that distortion is neglected. Therc is no doubt that for the 
complete solution of the problem some allowance must be made for 
distortion, but for most practical cases its effect can be ignored. The 

. Paper is written for practical conditions, and I think I am right in saying 
that any commercial circuit will give satisfactory articulation if the 
volume at 800 Mo is sufficient. I might mention that the articulation is 
quite good over 46 miles of standard cable (using Agreement standard 
instruments), though this is a highly distorting type of line and the 
above figure is the commercial limit of speech. By far the most 
important factor in determining the commercial limit is the volume, 
and this, as shown іп the paper, can be accurately calculated at 800 (^). 
Of course, if “freak” lines or circuits are introduced, 800 (^) may not be 
correct, but I have warned prospective workers against trusting to one 
frequency in such cases. Possibly unloaded submarine cable, if present 
in any quantity, might have to be excluded from the above remarks. 
No figures have been brought forward against the view that volume is 
the prime consideration for practical conditions, whereas I have given 
results showing that loaded (practically distortionless) lines can Бе 
accurately compared with unloaded (distortive) lives. Also since 
writing the paper the calculated allowances for a number of inductive 
and reactive shunts (which, of course, vary with the frequency) have 
been confirmed by talking tests. I admit individual talking tests may 
not agree with 800-00 calculations, but taking the average of several 
observers this frequency appears to give quite reliable results. 

The proposed standard does not seem to find much favour. Mr. 
Campbell objects to it on account of its arbitrary nature. Arbitrary 
standards should not be used if they can be avoided, but the present 
case is an extremely difficult one in that respect. If Mr. Campbell will 
suggest something better than the present one, I think he will find 
telephone engineers sufficiently scientific to adopt it. Mr. Hill's sug- 
gestion of a standard line intermediate between open-wire and high- 
capacity cable might have been the better one originally, though it 
would require correction for reflection, just as the present standard 
does. The great disadvantage of it at the present time is that it is an 
entirely new departure, and is not so conspicuously better than 20-1Ы. 
cable to ensure its adoption. I do not think Mr. Lee's resistance 
standard would get over the difficulty, since ordinary lines would have 
to be calibrated from it and the same trouble would then be introduced. 

The standard cable has been adopted (largely, I belicve, through 
Mr. Gill's instrumentality) by a large number of administrations, and, I 
think, answers most purposes as a line standard, but it requires correc- 
tion for terminal losses. This is what my standard does. I have not 
suggested constructing such a standard. This is not necessary, as it is 
only required for reference purposes, the effect of using it being, as 
pointed out by Mr. Cohen, to add a correcting factor to the present 
English standard. I fully agree with Mr. Kingsbury and Mr. Gill as to 
the advisability of an international standard if such can be obtained. 
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Passing to the detailed criticism, Mr. Cohen suggests fixing the 
length of section from the number of sections per wave-length. This 
might possibly be done but it would not be sufficient to apply Pupin’s 
sine formula since this is intended for long lines, and in the present case 
short lengths of mixed lines have to be dealt with. He also emphasizes 
the fact that cable at the end of an open-wire line does not reduce the 
overall allowance of the circuit. As showing the errors due to neglect 
of the reflection loss the figures he gives, viz. 10°2 S.M., 12°6 S.M., 
13'7 S.M., 14:8 S.M., would become 5'4, 9°3, 11°3, and 132, if reflection 
be neglected. With regard to the waviness shown in Fig. 7, while so 
smooth and decided an effect would not be obtained in a speech test. 
such an effect is indicated as stated on page 404. I have already dealt 
with the variation of line constants, while, with regard to the change of 
instrument impedance with frequency, as shown in the paper, correct 
results will be obtained if figures for 800 ^w are used, so that frequency 
variation here may be ignored. The variation of the impedance under 
the extremes of load does not exceed ro per cent, so that this also need 
not generally be allowed for. 

Mr. Hill refers to the loading effect of miscellaneous apparatus on a 
telephone line as modifying the allowances, but this is precisely one of 
those cases where the graphical method is so superior to all others. He 
also mentions the difficulty due to subscribers' lines. The fact that the 
local line may be considered a resistance only is due to the transmitter 
efficiency depending very largely on the continuous current flowing in 
it. In comparing two lines with C.B. terminals having equal, long 
local lines, the terminal impedance may be taken as that measured on 
the trunk side of the repeating coil. He mentions the difference be- 
tween line constants measured with continuous and alternating currents. 
This is a well-known fact, and all calculations must be made with 
alternating-current figures. I would suggest that the reason why Mr. 
Hill and Mr. Lee could not confirm their talking test is that the length 
of line tested came somewhere near a loop (see Fig. 7). I should like to 
emphasize the fact that single-frequency tests are quite useless when 
reflection is present, but that in calculation the effect of reflection in 
producing stationary waves can readily be allowed for, especially 
graphically. І do not quite follow Mr. Hill's remark as to the fixing of 
a transmission standard. My standard will give the allowances for any 
length of circuit. It isin no sense a commercial limit standard. The 
illustration I have given of the effect of cable at the end of an open- 
wire linc is not intended to fix any particular value for the apparent 
equivalent, but only to show how this varies. If the reflection losses 
are allowed for, the ordinary equivalent is used. To obtain definite 
results for the effects of short sections of different lines the only 
reliable method scems to be a graphical construction for the wholc 
line. 

I do not agree with Mr. H. Kingsbury that the average frequency 
taken is unfair. Six tests were made, and the results were all in fairly 
close agreement ; it is contrary to all the laws of averaging to discard 
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one of such aset. If his method were allowed C would appear to be 
the one that should be discarded, in which case the frequency would 
be lowered instead of raised. It would possibly have been better to 
have extended the test, but I think the conclusion drawn is borne 
out bv all the results given in the paper. The frequencies given in the 
table are those of the current in the line, as modified by the mouth, the 
air, and the transmitter, and, as such, are what telephone engineers arc 
concerned with. I appreciate his remarks as to the simplicity of 
working with the scale, but am afraid that obtaining and expressing 
the allowance of a circuit in terms of several frequencies would so 
complicate the subject as to nullify any benefits which might accrue. 
At the present time it appears an unnecessary refinement. His points 
regarding characteristic frequencies and distortion I have dealt with in 
my general remarks. 

As suggested by Mr. Ullett, a footnote has been added to page 392 
emphasizing the difference between positive and negative allowances 
as used in the paper and in Post Office practice. 

Mr. Campbell appears to be under a misapprehension regarding the 
1, 2,3, 4, 5. This was, it is true, originally adopted without any very 
detailed tests, but has since been confirmed as a satisfactory sct of 
simple sounds for widely different conditions. From the similarity 
of the frequencies found for 1, 2, 3, 4, 5, probably Mr. Campbell's repre- 
sentative sounds would give the same order of result. He asks whether 
we can tell the relative frequencies of the English “s, English “sh,” 
and German “sch.” The answer is, certainly, should the need for such 
figures arise. 

Mr. Shepherd admits the uscfulness of the graphical method for 
irregular loads and mixed lines, but prefers Kennelly’s hyperbolic 
formule for uniform lines. These latter, however, are seldom found 
in practice. The passage of the error through zero (page 399) is due 
I think to the fact that errors of drawing do not necessarily cancel. 
For cxample, in pricking off points from a scale the tendency is always 
to place the point some little way off the edge of the scale owing to the 
thickness of the pricking-off instrument. I admit my curves 8, 9, and 
10 could have been obtained analytically, and in fact two of them were 
confirmed in this way, but I do not agree that the formule he gives 
are quicker than reading the allowances from a curve. Аз he says, the 
reflection and transmission factors are well known, but their appli- 
cation is not anything like so simple as that of the curves, which also 
show the effects much more forcibly. I am pleased to see his 
experimental curve À is almost the same as that obtained from 
Figs. 8 and о. He states that very little practical confirmation of the 
results is available. It is true that further tests, especially of open- 
wave lines, are required, but every example that 1 have tested—and 
they have been as divergent as possible—has agreed with the calcu- 
lated figures. I think the tests on examples 3, 4, 5, 8, 12, 13, 14 (see 
pages 410 and 417) show that in the aggregate the reflection losses 
may be considered constant even on lines not semi-infinite. 
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Mr. Lee objects to my method of dealing with the sending instru- 
ment, owing to the possible variation of the E.M.F. The E.M.F., 
however, does not vary appreciably. This is shown in Fig. 5, where it 
is calculated in the manner explained in the paper, and is confirmed 
by the fact that all the speech tests given agree with the calculations. 
So far as I can see, his method makes a very similar assumption and is 
not so simple to work with. I have not used the Franklin method, but 
it would appear more complicated than Blakesley's ; also apparently 
only one reflection is allowed for, so that short-sectioned mixed lines 
could not be dealt with. With regard to the physiological action of the 
ear, on the average this will cancel out, and as has already been pointed 
out, 800 is only given as an average frequency. 
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THE USE OF HIGH-TENSION CONTINUOUS 
CURRENT ON THE THURY SYSTEM IN MINES. 


By S. F. WALKER, Member. 


(Paper first received 1oth February, and in final form 18th April, 1913 ; 
rcad before the WESTERN LOCAL SECTION, 10th March, 1913.) 


The Thury system has so far not been applied to mining work 
anywhere except in the case of a winding plant in Scotland. The 
author, however, has watched the development of this system for 
some time, and has suggested, when opportunity offered in discussions 
upon electrical subjects at the mining institutes, that it would be found 
suitable for mining work. He has also been in correspondence with 
M. Thury on the subject for several years past, and would like to call 
attention to the fact that the principal features of the system are 
that the circuit is always closed and that the current flowing is always 
constant. It will be remembered that it is practicable to transmit 
varying quantities of power by the aid of constant currents, by varying 
the pressure. 

When electricity was first applied to lighting and power in mines 
low-pressure continuous currents were used, first at pressures of 50 volts, 
then at 100 volts, gradually leading up to what was the standard pressure 
for a long time, viz. 500 volts or thereabouts. As electricity became 
more and more adopted in mining work, and as the amount of power 
distributed in mines and the distances over which the distribution was 
required increased, high pressures became absolutely necessary ; 
mining practice jumped at once to 2,000 volts, and later to 3,000 volts, 
while at the present time pressures of 6,000 to 10,000 volts are in use 
on the surface, 3,000 volts being directly employed for haulage and 
pumping underground. 

There were three reasons why three-phase alternating currents 
superseded continuous currents. In the first place the three-phase 
motor with. squirrel-cage rotor, which was first put upon the market, 
is almost ideal for mining work on account of its extreme simplicity. 
In the second place, so much trouble had been experienced with com- 
mutators of continuous-current machines that the complete absence 
of the commutator was felt to be a great boon. In the third place, 
three-phase alternating currents proved very convenient for the 
transmission, through comparatively small cables, of large quantities 
of power to very long distances. 

With all the systems at present in use, every apparatus, whether lamp 
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or motor, is brought into service by closing a switch ; and to take any 
apparatus out of service, the same switch is opened. With the Thury 
constant-current system the reverse arrangement holds, the opening of 
a short-circuiting switch bringing the apparatus into service. 

By using motor-generators it is of course quite practicable to supply 
from a constant-current service electrical energy on any other system. 

With the Thury constant-current system the current is maintained 
practically constant throughout the circuit. The enginecr-in-charge 
watches the variations in the load, just as his confrère in charge of 
a three-phase generating station does, and he alters the pressure 
delivered to the terminals of the circuit at the station in accordance 
with the requirements of the load, or the automatic regulator to 
be described does it for him. 

The use of the constant-current system leads to a number of very 
important modifications in the working of power-transmission systems. 
For instance, there is no use for fuses. There can only be overheating 
of any of the conductors under very exceptional circumstances. If the 
regulating apparatus governing the generators is working properly 
no harm can happen to the cables. 

In all modern constant-pressure installations that have been fitted in 
mines, the engincers responsible for the installation have very properly 
fixed distributing stations in convenient positions near the shaft 
bottoms ; switching apparatus, measuring apparatus, and automatic 
circuit-breakers being provided in the distribution stations in such a 
form that perfect safety rules with reasonable care, so that any fceder 
issuing from that distributing station can be either disconnected by 
hand, or should be disconnected automatically, if anything happens 
toit. With the constant-current system, as it appears to the author, 
this distribution station will not be required. Allthat will be necessary 
will be a pillar or small switchboard carrying measuring instruments, 
and a hand and automatic short-circuiting switch, the whole occupying 
a very small space indeed. 

In laying out an installation for a group of mines, for instance, 
as will be scen from the installations outlined in a later portion of the 
paper, hand short-circuiting switches and automatic short-circuiting 
switches would be placed wherever there was the slightest chance of 
anything going wrong, to cut out the apparatus promptly where the 
accident had happened, by short-circuiting it. Thus, the feeder cable, 
as will be seen from the later diagrams, would go to the pit top, 
would pass down the pit and to each motor in succession, and return 
up the pit again. At the pit top there would be an automatic short- 
circuiting switch and a hand switch ; there would also be a similar set 
of apparatus at the pit bottom, taking the place, as explained above, of 
the distribution station, and similar apparatus at each motor, or motor- 
generator, and for each district of the mine. In case of a fall of roof 
breaking any cable anywhere, the nearest short-circuiting switch should 
come in and complete the circuit, cutting off the apparatus where the 
trouble had happened, and all cables and apparatus beyond itself. 
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THE CONSTANT-CURRENT SERIES MOTOR. 


One of the important features which M. Thury has developed in 
connection with his system is the complete supersession of the starting 
switch and resistance, and of the regulating switch and resistance for 
his motors. When variation of speed is required with both the constant- 
pressure continuous-current motor and the wound three-phase motor, 
some form of controller has to be employed in which contacts are made 
and broken, and it need hardly be pointed out how very readily these 
contacts get out of order. No matter what method is emploved to 
extinguish the spark which always passes on breaking circuit with 
constant-pressure systems, contacts will sometimes get dirty. Contact 
fingers will sometimes be bent back so as not to make good conncction 
when they are in contact; or they may get a little out of placc, and 
remain in contact when they should have broken, and so on. In 
addition to this, thereis the energy that must be wasted in the regulating 
resistances. 

With the other method of varying the specd of three-phase motors, 
viz. by varying the number of polcs in operation, the range of speed 
obtainable is strictly limited ; while for many purposes in mines one of 
the very first requirements is complete flexibility of speed. At a par- 
ticular moment a very little more speed, or a very little less speed, may 
be required ; and the difference between the ability to give the little 
more, and the little less, may mean the difference between the cost of 
a heavy smash and perhaps complete immunity. 

With a given magnetic flux in the core of the armature of any 
motor and in the space occupied by the armature coils, and with a 
given number of turns of wire upon the armature and a given current 
in the armature coils, the power delivered by any motor depends directly 
upon the speed. For a large portion of the work for which power is 
required in mining this is a great advantage. In haulage, for instance, 
while the speed required for:the major portion of the journey is fairly 
constant, there are times when it has to be lowered considerably, 
particularly with main and tail haulage ; and again there arc times 
when it has to be increased. With the constant-current series motor 
this is accomplished by merely increasing or decreasing the number of 
revolutions the armature makes per minute by moving the brushes. 

The constant-current motor can also run at constant speed, and 
vary the power it delivers, by rocking the brushes. It appears to the 
author, however, that for practically all mining work the variable-speed 
motor is most suitable. There is scarcely any apparatus about a mine 
whose speed it is not advantageous to be able to vary at times. The 
most striking case is perhaps that of the fan. It is common practice 
in many mines to vary the speed of the fan with the barometric 
pressure during the week, and to lower the speed for the week-end. 
With constant-pressure services of all kinds this can only be done 
by wasting energy. With the constant-current system it is done by 
reducing the number of revolutions per minute. 
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The centrifugal pump is another case where the constant-current 
series motor would come in. Centrifugal pumps are designed to do 
their best work either at a certain speed, against a certain bead, or with 
a certain delivery of water ; but they will go above or below the speed 
corresponding to the figures representing highest efficiencies, with a 
slight decrease of efficiency. The series- wound constant-current motor 
should handle the case perfectly. It should be designed for a maximum 
specd a little above that corresponding to the highest efficiency of the 
pump, and any variation that is required is easily obtained. 


Its APPLICATION TO DRIVING DIFFERENT MACHINES. 


For the great majority of machines about a mine the application of 
the constant-current series motor presents absolutely no difficulty. The 
motor would be geared or belted, or directly connected to the machine, 
according to convenience, the only difference being that there would be 
no starting resistance, starting being accomplished by moving the 
brushes forward. There would be no regulating resistance, but an insu- 
lating coupling between the motor and the driven machine would have 
to be provided. Variation of speed would generally be obtained by rock- 
ing the brushes to and fro. For endless rope haulage the motor would 
run for the bulk of the working day at approximately uniform spced. 
Every now and then it would have to slow down, and this would be 
accomplished by moving the brushes forward ; and when normal speed 
was required again the brush would be moved back. In the case 
of main and tail haulage the bulk of the journey is done at high speed, 
and the motor during that period would be running not quite at top 
speed, a little reserve being kept. When the journey was nearly out 
the motor would be slowed up, just as the compressed-air engine is 
now, and by the motion of a very similar lever. 

For reciprocating pumps practically the same arrangement would 
rule. The reciprocating pump has to be run faster or slower in many 
mines according to the water to be dealt with in a given time. It would 
be quite practicable to arrange that the brushes should be rocked 
automatically with the rise and fall of water in a lodge, or even in dip 
workings. 

With the centrifugal pump the constant-current motor would follow 
the working of the pump, being regulated by rocking the brushes, 
whether by hand or automatically. 

The screens motor is now an important one about coal mines, but 
its driving presents absolutely no difficulty for the constant-current 
motor. It would run at a little below its maximum speed under 
ordinary working conditions, while at any moment the speed could be 
raised to the limit or reduced to nil by merely rocking the brushes. 


WINDING ENGINE AND COAL-CUTTING MACHINES. 


Two very important machines in all collieries are the winding 
engines and the coal-cutting machines, which are now driven by electric 
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motors and which present very difficult problems. In the case of 
the coal-cutting machine the space available for the electric motor is 
very limited ; the weight that can be allowed is also limited ; and the 
necessity for enclosing the motor lessens the power that it will deliver, 
and is equivalent to lessening the space available for the motor. It 
follows that the space available for even the simplest starting switch is 
small, and that it is very difficult indeed to design one that shall operate 
without sparking and without giving trouble. The space available for 
the starting resistance, either with a continuous-current motor or a three- 
phase motor with wound rotor, is again very limited, with the result 
that there is a dangerous tendency to cut down the size of the con- 
ductor employed, to cut down the insulation, and generally to risk 
heating and sparking. As an alternative (and a very good опе) the 
three-phase induction motor with squirrel.cage rotor has been 
adopted, the rotor being specially wound to a high resistance in order 
to obtain the necessary torque to enable the machine to cut its way into 
the coal, and through hard material. Unfortunately, though this over- 
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comes the difficulties attendant on providing starting resistances and 
the multiple-contact switches required, it does not do away with the 
necessity of a switch of some kind, and it requires the cfficiency of the 
motor itself to be lowered very considerably. It will be remembered 
that the great claim for the use of electricity as against compressed air 
for driving machinery in mines is the higher efficiency of electricity ; 
the use of the high-resistance squirrel-cage rotor certainly tends to 
reduce the difference between the two. 

It appears to the author that the whole difficulty can be overcome 
‚ by the use of the constant-current series motor, but applied in a 
special manner. He docs not suggest that the motors driving coal- 
cutting machines should be included in the main circuit, but that 
motor-generators should be put down in convenient positions as near 
to the face of the coal as possible, very much in the same manner as 
air-compressing plant is installed that is used for driving coal-cutting 
machines and driven by electric motors. The motor-generator would 
consist of the usual motor whose coils would be in the main circuit, 
driving a generator furnishing power at, say, 100 volts continuous 
current. The generator would be driven through an insulating 
coupling. It would also, the author suggests, be a constant-current 
series machine, and it would furnish current to a constant-current 
series motor on the coal-cutting machine. Fig. 1 shows the arrange- 
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ment. Where more than one coal-cutting machine was at work on 
the face, it could be arranged, if otherwise desirable, to supply all of 
them with current from one motor-gencrator, all working upon the 
constant-current series system. The motor driving the coal-cutting 
machine would have no starting switch ; it would be started by 
rocking its brushes. The author suggests that this might be accom- 
plished by means of a lever outside the case of a iotally enclosed 
motor, on very much the same lines as switches enclosed in gas-tight 
switch boxes are worked by levers on the outside of the boxes. 
Fig. 2 shows the suggested arrangement. It will be seen that it 
overcomes all the difficulties attendant upon the possibility of coal- 
dust getting between the brushes and the commutator, апа the 
possibility of sparking at the starting switch of the motor ; while the 
efficiency of the motor would be very much higher than that of 
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the squirrel-cage high-resistance-rotor machine. The only switch to be 
employed in the arrangement would be the gate-end switch, which 
again would be a short-circuiting switch. "There would be a switch 
for cach machine, the whole being in one circuit. Working at the 
low pressure of Ioo volts continuous current with a single machine, 
shocks should be practically eliminated. Even with five coal-cutting 
machines on one circuit the total pressure would only be 500 volts, 
and might be reduced to 250 volts by constructing the motors to run аё. 
so volts. The writer would like to point out that the suggested 
arrangement is applicable to a türce-phase service, the motor of the 
motor-generator taking current from that service, and the other 
apparatus being as described. 


DRIVING THE WINDING DRUM. 


The electric drive of colliery winding drums is steadily making 
its way, in spite of the fact thatit was shown when first introduced not 
to be able to compete in point of economy with at least some systems 
of steam winding. The difficulty of the winding problem, it will be 
remembered, lies in the fact that the load varies so constantly 
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throughout the wind, and during the later portion is reversed or 
negative. When the wind commences, when the cage is first lifted 
from the pit bottom a considerable amount of power is demanded 
from whatever apparatus the winding drum is driven, to overcome 
the inertia of every part of the system—of the ropes, of the pulleys, 
of the cage itself, and of the winding drum. А still larger power 
is required during the period of acceleration while the winding drum 
is getting up speed. After the expiration of this period, however, 
the power required steadily decreases, and at a certain period of 
the wind the conditions are reversed, energy being delivered to 
the svstem, whatever it may be, by the descending cage. During 
the first portion of the wind, power is being demanded to lift the 
cage and the rope, and to overcome the friction of the rope over 
the pulley, of the pulley upon its axle, and of the drum upon 
its axle. As the wind proceeds, however, the descending cage 
gradually acquires momentum, while the work demanded by 
the ascending cage is being steadily reduced, owing to the de- 
creased length of the winding rope. When the descending cage has 
acquired a sufficient momentum to overcome all the resistances then 
existing in the system, no power is required ; and as the wind pro- 
ceeds still further, the continually increasing momentum acquired by 
the descending cage delivers energy to any apparatus that can absorb it. 

Fig. 3 shows a curve taken from an actual wind, driven by a 
Тигу electric motor. The quantity of coal to be raised was 1,200 tons 
in 8 hours, at 24 tons per wind, the depth of shaft being 1,000 feet. 
It will be seen that during the acceleration period the power absorbed 
rises steadily to 930 h.p., then it descends rapidly to 515 h.p., then 
more slowly to 260 h.p., and from this the power falls straight to 
zero, and the descending cage then commences to deliver energy to 
the system at an increasing rate till the maximum of 770 h.p. is 
reached. Then the curve returns to zero, the rate of delivery of 
energy to the system steadily decreasing till the cage comes to bank. 
The total time occupied by the wind is 45 seconds, of which the 
acceleration period occupies I1 seconds, and the period during which 
energy is being returned to the system only 4 seconds. In the 
Siemens-Ilgner system, which is a modification of the Ward-Leonard 
system, and in which the important feature is the use of the flywheel, 
the flywheel absorbs the energy delivered by the descending. cage 
during the later portion of the wind, and re-delivers the energy so 
absorbed, less a certain charge for its own friction, to the winding 
motors at the commencement of the next wind. In so doing, it will 
be remembered, the flywheel and its accessories perform two distinct 
offices; they lessen the power demanded from the power station, and 
they also lessen the variations in pressure in the distribution system 
and at the busbars of the generating station, that otherwise would be 
caused if the heavy currents demanded at the commencement of the 
wind were taken straight from the busbars. It will be remembered, 
however, that beautiful as the system is, in practice it is subject to 
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certain slight drawbacks. The power demanded from the generating 
station is comparatively high, compared with that usefully employed in 
the wind. Notwithstanding this, thc economy obtained over the ordinary 
steam wind is very considerable. The weak point in the system is 
that the flywheel will not deliver its stored energy at a sufficiently 
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rapid rate to relieve the distribution service unless special appliances 
are provided to cause an increased slip of the three-phase motor where 
that is employed. Practically the economical working of the system, 
and the protection of the three-phase distribution network, depend 
upon the successful working of the slip regulator. 

With the constant-current series system no slip regulator and 
nothing equivalent to it is required. It is claimed that the automatic 
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regulation of the pressure at the generators is so perfect by means of 
the apparatus to be described, that when it is known that a winding 
engine will be taking current, no further protection of the system is 
necessary than specially detailing one or two of the generators to vary 
the pressure very quickly, in response to the variations in the demand 
for power by the winding engine. It is recommended, however, to 
insert a constant-current series motor in the circuit, the motor having 
a flywheel mounted upon its axle in the usual way. One such motor 
is claimed to take care of several winding drums. It will be remem- 
bered that the constant-current series machine works equally well as a 
motor or a generator ; it is only a question of thedirection of motion and 
the position of the brushes. Consequently a machine of suitable size 
placed in the circuit, and fixed in the generating station, will absorb all 
the energy that is given out by the descending cages of several winding 
engines, and will give out the stored energy on the commencement of 
the next wind. If preferred, the constant-current series motor may be 
arranged to drive a constant-current series generator, the flywheel 
being mounted as usual between them through an insulating coupling, 
and the generator furnishing constant current for several winding 
motors. One advantage of this arrangement is that the winding-motor 
circuit can be at low pressure ; it will have all the advantage of the 
Thury system, without the high pressure. 

In practice, winding drums can be arranged in pairs and the system 
worked so that the acceleration period of one winding drum coincides 
partly with the period during which the other drum is returning energy 
to the system, so that the electrical service will only have to make up 
the difference between the two. The Thury system can also be applied 
for winding on a three-phase system. А three-phase motor drives a 
constant-current continuous-current generator, a flywhecl being 
mounted between them, and the continuous-current generator fur- 
nishing current to constant-current motors driving the winding drums. 
This arrangement is actually in operation at the Auchincruive pits 
of Messrs. Wm. Baird & Co. in Scotland, the continuous-current 
generator furnishing current for the winding drums of two pits, 
which are arranged on the lines given above, the acceleration period 
of one coinciding in part with the period during which the other is 
returning energy to the line. 

With this arrangement a slip regulator for the three-phase motor is 
provided; but the speed of winding, starting, stopping, etc., is always 
obtained by rocking the brushes of the winding motors. With the cage 
at rest, the brushes are in the natural or no-load position ; to start they 
arc pulled backward gradually, then forward again, and so on. 


DRIVING ROLLING MILLS. 


The rolling mill is hardly a mining appliance ; but a number of 
large colliery firms are also ironmasters, and the solution of the 
problem of winding by electricity has naturally led to the solution 
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of the somewhat similar problem of driving rolling mills by electricity. 
It will perhaps be sufficient to say that the same reasoning that 
has been employed here in connection with the winding engine will 
hold good with regard to the rolling mill. The working of a rolling 
mill is not the same as the working of a winding drum, but the 
demands for power are at least as severe. 


THE FAN ENGINE. 


As is well known, opinions have differed among mining engineers 
as to the advisability of applying the electric drive to the fan engine. 
It has been well said that the fan engine being the ideal load, always 
the same from Monday morning to Saturday, the speed always the 
same, everything always the same, and the engine usually having its 
own boiler, with a proper application of modern steam appliances 
it should not be possible to drive it more economically by electricity 
than by steam. Nevertheless, the electric drive of the fan is being 
steadily included with other machines. In the first place it adds 
to the load factor of the power station; and it sometimes happens 
that the fan is obliged to be placed at some little distance from the 
main battery of boilers, and therefore losses by condensation would 
be considerable, unless a separate boiler were arranged for the fan 
engine itself, when the cost of attendance comes in. Further, in 
many cases it is necessary to drive the fan at a considerable distance 
from the main colliery works. There are cases where what are 
practically fan pits only exist, апа where some arrangement has 
to be provided for driving the fan ; and for these, at any rate, elec- 
tricity is a great boon. But to meet the cases where the speed of 
the fan is varied, any motor driving the fan must also vary its speed. 
And here the three-phase motor is very much out of the running. The 
difficulty of varying the speed of the three-phase motor by a sufficiently 
small amount to meet the requirements of the difference in speed 
at the week-ends, or with different barometric pressures, without 
the insertion ot wasteful resistances or without complications, is well 
known. The constant-current series motor enables the speed to be 
varied without the slightest trouble of any kind ; all that is required 
being the rocking of the brushes through a small arc of the commu- 
tator. It should be mentioned also that lowering or increasing the 
speed of {һе motor driving the fan, or any other machine, involves 
no decrease of efficiency, within very wide limits. Fig. 4 is a curve 
of efficiency of a constant-current series motor that was used for 
driving a winding drum, which may be taken as a fair sample of 
machines of the kind. The maximum power furnished, it will be 
seen, is 935 h.p., the efficiency being then 95 per cent. As will be 
seen, the efficiency curve is almost flat, there being no decrease 
when the power delivered is reduced to 561 h.p., while at 374 h.p. 
it has only fallen to 93 per cent, at 280 h.p. it is 92 per cent, at 
160 h.p. it is 9? per cent, while at 9o h.p. or one-tenth of full load 
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it is still 80 per cent. This curve is given to show that reducing the 
speed of the constant-current motor, within the limits required for 
driving the fan, does not lower its efficiency. 


DRIVING AIR COMPRESSORS. 


Where compressed air is used to any considerable extent about 
a mine, driving the air compressor offers somewhat troublesome 
problems to the electrical engineer. "There is no difficulty with the 
direct steam drive, the regulation being practically automatic. The 
difficulty of the problem lies in the variation in the quantity of air 
taken by the machines underground. With the steam drive, when 
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the machines underground are not taking much air the pressure rises 
in the receiver, and the engine driving the compressor steadily slows 
down. When the engines underground begin to take air, the pressure 
in the receiver is reduced, and the driving engine increases its speed. 
So perfect is this regulation that the driving engine may actually come 
quite to rest, and restart automatically, in accordance with the require- 
ments of the underground service. With the shunt-wound continuous- 
current motor drive there is also no difficulty in varying the speed 
of the compressor, and it is perfectly possible to arrange that the 
variations in speed shall be made automatically, though the author 
believes nothing has yet been done in this direction. With the three- 
phase induction motor, however, the usual difficulty in the way of 
altering speed comes in, and as the author understands it, devices 
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have to be adopted for practically wasting some of the compressed 
air if the underground service is not using it. With the constant- 
current series machine there is no difficulty whatever in varying the 
speed of the motor driving the air compressor either by hand or 
automatically in accordance with the requirements of the air receiver. 
In both cases the speed regulation is obtained by rocking the brushes, 
and where the regulation is to be automatic it can be accomplished 
bv a device somewhat similar to that which regulates the pressure 
of the generator. 


APPLICATION OF THE SYSTEM TO INDIVIDUAL MINES AND TO 
GROUPS OF MINES. 


Before going into this point fully it will perhaps be as well to note 
a few points en passant. The lighting service, for instance, cannot 
be taken directly from the constant-current circuit. Up to the present 
the constant-current system has usually been worked at roo and 150 
amperes, while 200 amperes is in contemplation, and So amperes 
could be used in special cases ; there are no lamps of any kind, how- 
ever, that could utilize those currents. For the present, therefore, 
the lighting service where the constant-current series system is 
adopted, both for arcs and incandescent lamps, will have to be 
furnished by continuous-current generators, driven by constant- 
current motors. And this applies also to the electric incandescent 
lamps underground ; they will have to be furnished by continuous- 
current generators, arranged for the purpose and driven by constant- 
current motors fixed near the pit bottom ; or they could be furnished 
with current from a battery of accumulators at the pit bottom or 
by small cables connected with the motor-generator on the surface. 
About the surface of mines, in addition to lamps, there are usually 
a number of sma!l motors actuating various machines ; such as those 
for the lamp-room, for the fitting shop, and others. Those and the 
lamps will probably be operated most conveniently by a constant- 
pressure continuous-current service. 

It should also be mentioned that there are limits at each end of the 
scale to the size of motor that can be worked with the constant-current 
system. The smallest motor at present is for 5 h.p. The sizes are 
limited by the current employed and the pressures for which the 
machines can be made. It is the current employed which limits the 
smaller sizes. For the remainder of the service all the motors that are 
not supplied with current by the motor-generators will be included in 
the main circuit, and will be put in and out of service by opening and 
closing their short-circuiting switches. Where the constant-current 
service is to be applied to a single pair of mines, requiring only a 
moderate quantity of power, the arrangement will naturally be very 
simple. The power station will be fixed in any convenient position, 
not necessarily as close to the mine as it is with the constant-pressure 
system, as the cost of cable between the power station and the mine 
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will not be so heavy. This, it appears to the author, is an advantage 
that the constant-current system can claim. It will be quite in order 
to fix the power station where it is convenient to bring the fuel and to 
obtain water for condensing—as is well known, this is not always in the 
neighbourhood of the pit top. 

Two wires only (this again appears to the author to be an advantage) 
would be led to the mine, carried down one of the pits, very much as 
the cables are now, except that they would usually be smaller and 
therefore more easily handled and more easily protected from damage. 
The motor-generator for the lamps and small motors on the surface 
would probably be fixed in the power house. Below ground, the cables 
would be led into the different districts, just as they are now, but with 
the difference that they would form one continuous circuit. Fig.5isa 
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diagram showing the arrangements on such a system. Each motor 
would be protected by an automatic and a hand short-circuiting switch. 
Each section and the whole of the mine would be protected in the same 
way, so that in the case of anything happening in any part of the mine, 
that section would be automatically short-circuited ; and in the case of 
anything of importance happening in the mine as a whole, say in the 
shaft cables, the automatic short-circuiting device at the pit top would 
cut off the whole of the mine cables. 

For a group of mines, two methods are available. The whole of the 
large motors in all the mines could be arranged in one circuit, as shown 
in Fig. 6. The arrangement would be very similar to that for a single 
pair of shafts, but several pairs would be included in the system. 
Motor-generators would be provided for the lighting and small motors 
on the surface at each mine, and for the lighting and coal-cutting 
underground. Each mine would be protected by the automatic short- 
circuiting device mentioned; also each district of each mine, 
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each motor, the surface motors, and the portions of work on the 
surface. 

In the other method, which is shown diagrammatically in Fig. 7, a 
motor-generator would be fixed at each mine for supplying the power 
required for the mine itself, also a motor-generator for the lighting and 
small motors on the surface, the larger motors on the surface being 
either included in the main circuit or supplied from the motor- 
generator furnishing current for the mine, or again from a separate 
motor-generator. The current supplied to the mine would be at a 
lower pressure than that of the main circuit, but the other arrange- 
ments would be the same. Two cables would be taken down the shaft 
and would be carried into each district, the cables being in series in the 


Fic. 8. 


same way as described for a single mine. Each district again would be 
protected by an automatic short-circuiting device, and the constant- 
current motor driving the constant-current generator supplying the 
mine would be protected in the same way. 


THE AUTOMATIC SHORT-CIRCUITING DEVICE. 


This apparatus, it will be seen, is the equivalent of the circuit- 
breaker employed on constant-current systems. One form is shown in 
Fig. 9, in the same diagram as the automatic regulator. It consists of 
a solenoid energized by a current in parallel with the section of the 
circuit to be protected. The core of the solenoid forces a contact piece 
into connection with two contacts connected to the two sides of that 
section of the circuit. The pull of the solenoid is opposed by a spring 
that can be adjusted. The apparatus is set to operate if the pressure 
in the motor or the section it is protecting rises above a certain figure. 
If there is a partial disconnection, for instance, in the circuit, the 
automatic device closes the short-circuiting contacts and cuts out the 
section. It opens automatically when the trouble is off. 
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The short-circuiting switch employed iby M. Thury is shown in 
Fig. 1e. There are four insulated metal quadrants, arranged sym- 
metrically. Two of them are connected to the lines, and the other 
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two to the motor or generator that is to be switched in or out of service. 
On the same base, usually arranged in a vertical position, are two 
insulated metallic segments placed opposite to each other, the arc 
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subtended by each being sufficient to bridge any two of the quadrants. 
When these segments are turned to the vertical position, the motor or 
generator is in the circuit; when they are in the horizontal position, 
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the lines are connected across by one segment and the machine is 
short-circuited by the other section, while the machine and the circuit 
are insulated from each other. The carbon break shown above takes 
the spark on opening the switch to bring a motor into service. 
It is enclosed in a metal case behind the switch. 


THE GENERATING STATION. 


The generating station, as will be gathered from what has gone 
before, is different in many respects from the station where three-phase 
currents are employed. The principal difference is the greater 
simplicity. No paralleling of machines is required; there is no 
complicated switchboard ; there are no busbars, no adjustable 
rheostats for exciters, no booster, and of course no synchronizing 
appliances. The generators are connected in series. Each generator, 
as arranged by M. Thury, has its own switch pillar, which carries an 
ammeter and voltmeter, and the short-circuiting switch (Fig. 8). 

Each generator also carries apparatus for automatically regulating the 
position of the brushes. The brush rocker is mounted on ball bearings 
so as to move with ease, and it is rocked to and fro by levers operated 
by a servo motor, similar to those employed with water turbines, in 
which oil pressure is used to move levers. The servo motor consists 
of a vertical cylinder carrying a vertical shaft, to which a shutter or 
vane is attached. Oil is admitted under pressure into the vertical 
cylinder on either side of the shutter, causing the vertical spindle to 
which it is attached to revolve in either direction. The motion of the 
vertical spindle is transmitted by bevel-gear to the brush rocker. 
The admission of the oil to the vertical cylinder is usually controlled 
by a solenoid, whose coils are in the main circuit. So perfect is the 
regulation claimed to be, that practically no attendance is required ; 
and it has been in use in the south of France and in Switzerland for 
a number of years, and at Willesden for some months. 

The oil pressure in the servo motor is produced by a small centri- 
fugal pump, working in the lower part of the apparatus. The chamber 
in which the centrifugal pump works is divided by a metal diaphragm 
from the remainder of the containing vessel, and the oil is forced up 
into the upper chamber by the pump. The motion of the oil to one 
side or the other of the shutter is controlled by a main valve which 
moves vertically up or down according to the requirements of the 
service, the main valve being controlled in its turn by a very 
ingenious small pilot valve. The pilot valve responds to the 
motion of a lever worked by the core of the solenoid, and the main 
valve responds to the motion of the pilot valve. 

Fig. 9 shows an automatic regulator for a constant-speed motor. 
It isthe same as for a generator except that regulation is obtained with 
the motor by the variation in oil pressure arising from any variation 
in speed, while with the generator the regulation is controlled by 
a solenoid responding to variations in the current. The centrifugal 
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pump used to produce oil pressure is driven by a belt from the motor 
shaft, so that any rise or fall in the speed of the motor is reflected 
in the speed of the impeller of the centrifugal pump; and as the oil 
pressure varies with the square of the speed of the pump, the regulation 
obtained for the motor is very good. Similarly the regulation obtained 
with the generator by the aid of the solenoid is very good. Both 
forms of apparatus rock the brushes, and both can be arranged to vary 
the strength of the magnetic field by diverting current from the ficld 
coils if required. 

The number of units employed depends upon the size of thc 
station, very much as with the three-phase service. As mentioned 
above, the size of the units is governed by the fact that a single 
commutator will only deal with 5,000 volts. Two commutators can be 
arranged on one machine, and two machines can be driven from one 
steam or water turbine ; so that with currents of 200 amperes, units of 
2,000 kw. can be obtained in one machine with two commutators, or of 
4,000 kw. with two machines driven by the same turbine. Probably as 
time goes on larger units will be arranged. 

With a current of 100 amperes, units of 1,000 kw. can be obtained 
in one machine with two commutators, and of 2,000 kw. with two 
machines, each having two commutators, the two being driven by one 
steam turbine. For small installations a current of 50 amperes may be 
employed, though M. Thury prefers not to go below 100 amperes ; and 
the units can be 250 kw. driven by a single prime mover and with onc 
commutator, or боо kw. with two machines driven by one prime 
mover. 

The author proposes to take three cases :— 


I. À small plant designed to supply a single pair of pits, and 
requiring a total of 500 kw. to meet all requirements. With 
this plant it is supposed that there are 3 miles of cable, 
including the lead and return, above and below ground. 

2. А plant suitable for a group of mines, and requiring a total of 
3,000 kw.; and having a total length of cable, above and 
below ground, of 12 miles. 

3. A plant suitable for a larger group of mines, spread over a 
larger area, requiring a total of 10,000 kw., aud a total 
length of cable, above and below ground, of 40 miles. 

The length of cable in each case is two-thirds the total 
length of single cores with three-phase, or twice the length 
of the three-core cable. Suppose it to be employed ап. 
through with three-phase working. 


For (1) the author would suggest two units, each furnishing 
250 kw. ; or if preferred, three units each of 200 kw., the current to be 
50 amperes. For the total output of 500 kw., the highest pressure 
would be 10,000 volts. Probably the working pressure employed 
would be about 6,000 volts. 

For (2) he would suggest four units, each of 1,000 kw., each con- 
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sisting of two machines driven by one steam turbine, each of the 
machines furnishing 500 kw., the current being 100 amperes. The 
highest pressure required for the full output of threc units would be 
30,000 volts ; and the usual working pressure would probably be in the 
neighbourhood of 20,000 volts. 

For (3) he would suggest three units each of 4,000 kw., cach unit 
consisting of two machines driven by one steam turbine, cach machine 
having two commutators and furnishing 2,000 kw. The highest 
pressure for the full output of the three units would be 60,000 volts 
the current being 200 amperes. The working pressure would be 
probably in the neighbourhood of 30,000 to 40,000 volts. 

For the 10,000-kw. station it might be better to divide the load into 
six units, each of 2,000 kw. ; but any arrangement that was convenient 
could be made. The system is at least as flexible in the matter of 
generating units as the three-phase system. 


INSULATION. 


This is a very important matter with the high pressures employed. 
The generators are all insulated by being fixed on concrete foundations, 
below and around which are laid several inches of asphalt. The 
concrete is supported on porcelain or glass insulators, resting on and 
partly embedded in the asphalt. For motor-generators the same treat- 
ment is necessary, and for underground work, to meet the pressure of 
the overlying strata and the consequent probable distortion of the 
foundations, the author suggests that motor-generator houses should be 
built on the lines adopted by mining engineers in special cases, the 
roof being arched, the floor formed by an invert, and the whole 
arranged on the lines shown in Fig. 11. The invert would be filled in 
with asphalt, the machines, both motor and generator, being fixed on 
concrete foundations supported by insulators standing on the asphalt, 
as shown in the figure, a clear space being left round the concrete and 
between the concrete and asphalt and filled in with bitumen. 

In addition the mechanical connection between the prime movers 
and generators in the power house, and between the motors and genera- 
tors, is by flexible insulating couplings, in which the power is transmitted 
by a belt passing over hard steel sleeves revolving on pins held in the 
peripheries of two steel discs, one connected tothe driven machine, and 
the other to the driver. The belt is of special leather. Where the 
machine may have to reverse, a rope is also employed. 

The author makes out that with these precautions, which would also 
apply to haulage and pump motor houses, chances of shock would be 
reduced to а minimum. For switching stations, and for apparatus 
outside the generator and motor houses, he suggests special insulation 
of all parts for the full pressure of the service, and efficient earthing of 
the containing cases. With the insulating materials that have been 
placed upon the market during the last 20 years, the problem of 
insulation should not prove a difficult one. 


462 WALKER: USE OF [10th March, 


Haulage and pumping stations can be worked on low-pressure 
constant-current circuits similar to that suggested for coal-cutting 
machines if preferred. This method, the author would observe, should 
provide complete safety, while keeping all the solid advantages of the 


constant.current system and not sacrificing much in the matter of 
efficiency. 


THE ADVANTAGES CLAIMED FOR THE THURY SYSTEM OVER THE 
THREE-PHASE SYSTEM. 


It appears to the author to be a great advantage that only two con- 
ductors are required, against three with the three-phase system. It is 
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quite true that when the three-phase system is thoroughly understood 
skilled men have not much difficulty in handling the three cables, or 
the four where a conductor connected to the neutral point of the 
generators is employed ; but he believes that as apparatus in mines 
may have to be handled by men who аге trained to mining work first, 
and only acquire a certain superficial knowledge of electrical apparatus, 
the three conductors may sometimes give trouble. It must be remem- 
bered that when connecting to a three-phase induction motor, for 
instance, if two of the conductors are connected to wrong terminals the 
motor will run in the opposite direction to that which is required. It 
should be remembered also that in some conditions underground the 
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fact of having to distinguish carefully between the three conductors, 
and to connect them to their right terminals, is not by any means as 
easy as performing the same work on the surface; shocks are quite 
easily obtained, and according to the author's information fatal 
accidents have occurred in consequence of this difficulty. 

The second point which occurs to the author is that the heavy induc- 
tion losses due to working with three-phase currents will be entirely 
eliminated. It is claimed, of course, that the idle currents do no work, 
and presumably are returned to the generator ; but it must be remem- 
bered that they have to be generated, and that both generators and 
motors employing alternating currents are necessarily made larger than 
they otherwise would be if the idle currents were absent. For calcula- 
tion it is usually assumed that the power factor is o'8, and power factors 
are given of o-g and о'95 ; but it is well known that power factors as low 
as 0'5 can easily rule.in colliery work. 

The next point the author would bring forward is the loss in the 
dielectric, in the lead covering of the cable, and in the armouring, 
incurred by the use of three-phase currents. In this connection he 
would refer to the following papers contributed to the Institution : 
by Mr. W. M. Mordey on “ Capacity in Alternate Current Working " ; * 
by Messrs. Constable and Fawssett on “ Distribution Losses in Electrical 
Supply Systems," ł and by Mr. M. B. Field on “Currents Induced 
in Cable Sheaths and Losses Occasioned Thereby,” į and on 
“ Resonance in Electric Circuits." $ The tests and calculations which 
formed the subjects of these papers were made in connection with 
town distribution supply systems, butiit appears to the present author 
that they apply with much greater force to mine distribution systems. 

With three-phase systems in mines, and particularly where distribu- 
tion is over such large areas as are now the rule, the supply being taken 
from large generating stations at comparatively high pressures and 
transformed down, the transformer losses are considerable. 

The next loss that has to be considered is that of dielectric hys- 
teresis—the loss due to the continual charging and discharging of the 
electrical condenser formed by the conductor of each cable, its insula- 
tion envelope, and any conductor that may be outside of it. Under the 
most perfect conditions that can be assumed, there must be a certain 
amount of energy expended in heating up the dielectric, and this heat 
tends to lessen the life of the insulating envelopes, and therefore ot the 
lives of the cables. The capacity of a three-core cable such as is used 
in mines the author understands is about o'3 microfarad per mile, 
so that on large distribution systems at extra-high tension the dielectric 
hysteresis losses may be considerable after making all possible allow- 
ances on the other side. 

Moreover, the wave-form has a most important bearing upon 


* S ournal of the Institution of Electrical Engineers, vol. 43, p. 618, 1909. 
+ Ibid., vol. 32, p. 707, 1903. 
+ Ibid., vol. 33, p. 936, 1904. 
j Ibid., vol. 32, p. 647, 1903. 
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the loss by diclectric hysteresis, and what is again of more import- 
ance, upon possible sources of breakdown due to the charging currents 
—the currents sent out by the alternators to charge the condenscrs 
formed by the cables and their armouring. 

It will be remembered that the assumption is made for a three-core 
cable carrying three-phase currents, that there will be no stray field 
outside the conductors themselves, and at any rate no stray field 
to set up either magnctism in the armouring or currents in the lead 
sheath where paper cables are employed. The arrangement of the 
three-core cables has been specially designed to eliminate all possibility 
of stray magnetic fields and loss of energy. In his paper referred to 
above, Mr. Field examines the question of three-core cables carrying 
three-phase currents ; and he arrives at the result that there are losses 
of energy in the lead sheath, and in the armouring where armour- 
ing is used. 

Mine cables are always armoured, and in addition to the currents 
passing in the lead sheath, due to the electrical pressures created by 
the revolving stray magnetic fields, there is the loss due to magnetic 
hysteresis in the armouring itself. 

The author's calculations of losses in cable sheaths, which follow, 
are based on Mr. Field's figures. The cables estimated for on the 
Thury system follow the 1,000 amperes per sq. in. rule. 


COMPARATIVE LossES IN THE CONSTANT-CURRENT SYSTEM AND THE 
THREE-PHASE SYSTEM. 


In the constant-current system the only losses, apart from the 
losses due to the cfficiency of the machines, are those due to the 
resistance of the cables, the I? R losses. In the case of the three-phase 
system, there are the I? R losses, the induction losses, those due to 
dielectric hysteresis, and those due to the currents generated in the 
cable sheaths and the changes of magnetism in the cable armouring. 

In example (1), the cable employed, 3 miles in length, would have a 
resistance of 2°75 ohms, so that the I? R losses when all the cable was 
in circuit would be 6875 or say 7 kw.; or if the whole of the cable 
remained in circuit the whole of the 24 hours, 168 kw.-hours per day. 
It should be possible to switch off a certain portion of the cable during 
hours of light load ; but as this is also practicable on the three-phase 
system, and it is difficult to estimate how much cable would be cut off, 
the comparisons will be made on the supposition that the cables are all 
connected to the service during the full 24 hours. With three-phase 
working it is very difficult to estimate the 1° К losses. They can 
only be accurately calculated in each case by very careful observa- 
tion. This again appears to the author to be an advantage of the 
constant-current system. Where the losses are known with fair 
certainty, they can be reduced or provided for. The charges for 
the passage of three-phase currents may be approximately estimated 
in two ways. It is usual to allow a certain fall of pressure between 
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the generators and the farthest motor, or transformer ; 10 per cent 
when the maximum load is on. Taking the other formula for the 
power, W =E I in place of W = PR, with any given load any per- 
centage of the busbar pressure that is lost in the cables is a loss 
of energy. If, for instance, 500 kw. be delivered at the busbars at 
5,000 volts pressure, and the whole of the work is performed at a 
pressure of 4,500 volts, there would be a charge of 10 per cent for 
the passage of the current through the cables. As the work is distri- 
buted about the mine, assuming the fall to be fairly uniform, commenc- 
ing at the pit bottom, a charge of 7 per cent upon the maximum load, 
while on, would probably be fairly accurate. As the load is changing 
throughout the day, we have to substitute the average load factor 
in place of the maximum load. Where we only have the number 
of kilowatts of plant installed, it is again difficult to estimate. The 
author has taken the figures given by Mr. Patchell for the plant 
installed at Ferndale, the maximum demand and the average load 
factor, and he has deduced from that an average “ plant load factor "— 
the average proportion of the plant installed that is in use throughout 
the day. Mr. Patchell’s figures, the author calculates, work out to a 
plant load factor of 28 per cent; and he has therefore taken for 
calculation in the typical cases a plant load factor of 25 per cent. 
It appears to him that a charge of 5 per cent on the power furnished 
by the plant load factor would be fair for the I*R charges with 
three-phase working. 

The other way to estimate the I?R losses is to consider the three 
cores of a cable as three separate conductors, each subject to I*R 
losses. Applying the two methods to case (1), that of а 500-kw. plant, 
the author makes out there would be a loss in the cables with the 
three-phase system by the first method of 150 kw.-hours per day, and by 
the second method of 240 kw.-hours per day, if the 1,000 amperes per 
sq. in. rule is followed. As this is usually departed from in distribution 
work in mines, larger cables being fixed in many cases than the rule 
would show, the first method will be taken. It will be seen that it is 
only a little less than with constant current. 

For the 500-kw. installation the author makes out that the induction 
losses would be 70 kw.-hours per day, and the sheath and dielectric losses 
тоо kw.-hours per day, making a total of 320 kw.-hours per day for three- 
phase working, against 168 kw.-hours for constant current. 

In the second case, the 3,000-kw. installation working on the same 
lines, he makes out that the I*R loss with constant current would be 
648 kw.-hours per day. 

With three-phase current the I*R losses would be goo kw.-hours per day 

Induction losses ... 173 
Sheath and dielectric 400 


Кен 


1,473 


э” ) 


» ДД 


а total loss of 1,473 kw.-hours per day. 


In the third case the losses are a trifle less with three-phase current 
Vor. 61. 80 i 
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than with constant current if the conductors used with constant 
current follow the 1,000 ampere per sq. in. rule that has been employed 
with the others ; but it is obvious that the loss could easily be reduced, 
and probably would be, when designing the installation, by increasing 
the size of the conductor or by lowering the current and increasing the 
pressure. In this case the І К losses are with the constant current 
8,640 kw.-hours per day. 
With three-phase current :— 


PRs RS к or ... 3,000 kw.-hours. 
Induction ... ysx "- Gu DAA s 
Sheath and dielectric ... s. 009 3 

Total is ds ... 8,442 kw.-hours. 


It will be obvious that the losses will vary with varying conditions. 
The author has only given the above as fairly typical. In all cases and 
with both systems losses will increase with the length of the cables, 
but while with constant current they will be known with accuracy, 
with three-phase it is not so easy. 


DISCUSSION BEFORE THE WESTERN LOCAL SECTION ON 
14TH APRIL, 1913. 


P Rees: à Mr. R. RUTHERFORD : The author states that this system has been 
in operation in the south of France, but he does not mention whether 
it has there been found satisfactory, that is to say, whether the 
engineers who are responsible for its introduction and operation are 
perfectly satished with it, and whether the consumers are also satisfied 
that the system is more convenient than, or at any rate equally as con- 
venient as, the alternating-current system. Many colliery managers 
have quoted figures as to the cost at which they could generate a unit 
of electricity. Some of these figures are remarkably low—I think 
rather too low to be relied on. I am one of those who think that the 
proper course to adopt in the case of a colliery working under average 
conditions is to take current where possible from a local electric supply 
system. The author's remarks apply more to the individual colliery. 
If, however, the supply: authority could undertake to supply elec- 
trical energy at a cheaper rate than on the three-phase system, it would 
be desirable for colliery managers to take such asystem into considera- 
tion. The generating station in the Thury system is very simple in 
arrangement, but the sub-station is probably not quite so simple, as 
there would be motor-generators to be looked after by the supply 
authority, who would also have to provide constant attendance to keep 
the motor-generators in order. Whether they could supply at the 
same rate, I leave the author to state. If they could not, then I think 
the colliery company would have to consider very carefully whcther it 
would pay them to adopt the continuous-current system or to take the 
current as supplied by the electric supply authority. А great point 
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made by the author is the convenience of having motors which are ^ 


variable in speed. In my experience of colliery working I have not up 
to the present suffered great inconvenience in having motors without 
speed regulation for the general work, with the exception of winding. 
In the case of a hauling engine there is no very serious difficulty. 
'Then with regard to the author's remarks on the question of starting 
switches and resistances ; with the liquid starters now made, which are 
excellent in operation, I do not think there is very serious difficulty. 
If we consider a colliery where, say, the winding, air-compressing, and 
fan represent a large proportion of the power consumed, say 80 per 
cent, I think a system of this kind is rather more applicable. Where a 
large winding engine is installed the system appears to be very attrac- 
tive, especially if the electrical energy required can be purchased. 
With regard to the losses in the cables, I think there may be some 
points the author has not taken into consideration. I have at the 
moment a case where the bulk of the power is concentrated at the 
bottom of the shaft. It happened last week that we had to install 
a motor requiring only a small amount of power three-quarters of a 
mile from the shaft bottom. With the constant-current system we 
should have had in this case to take the total current a long distance 
for this small motor, or otherwise to have installed a motor-generator. 
More than that, this motor only runs about то minutes at a time, so 
that as the current would always be flowing in the cable the I* R losses 
would be greater than with the three-phase system. Possibly in 
obtaining his figures Mr. Walker has not taken such cases into account. 

Mr. F. S. CARTER : I do not agree with everything in this paper. I 
think there are a few points which render the system altogether un- 


suitable for colliery work. Most important to my mind is the necessity. 


for entirely insulating the motors from the machines they are to drive, 
and also for insulating the generators from the engines. Take, for 
instance, a pump running underground. I should not care to be 
responsible for the attendant looking after that machine. There are 
great difficulties, such as the possibilities of the insulation cracking, and 
so on. Then, again, it must be borne in mind that men attending to 
machines underground are not skilled artisans, although they are often 
men of intelligence, and although these men are supervised by trained 
electricians, it is more or less necessary that they should be provided 
with fool-proof machinery so that they cannot go wrong. Take the 
baulages we have to deal with underground. The tendency is to 
increase enormously the power of these, in order to draw a greater 
number of trams and operate at a greater speed.  Haulages of a 
thousand horse-power or thereabouts underground are not infrequently 
met with, and if these have to be insulated from the motors that drive 
them itis not an easy matter. An ordinary flexible coupling for the 
size of machines mentioned is of some moment, but to have to provide 
insulatingimaterial suitable to transmit a large horse-power, and at the 
same time insulate against a high potential, is practically an impossi- 
bility, or at any rate a very serious matter indeed. The system would 
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also have to be designed for currents much larger than those instanced by 
Mr. Walker, on account of the high intermittent load on the haulages. 
The power loss in the mains is constant, and would be considerable 
owing to the large current required to meet the overloads on the 
haulages. The working of coal-cutters by electricity, except in mines 
where naked lights can be used, is now practically prohibited by the 
new Mines Regulations. Even in mines where naked lights can be 
used I am aíraid we should have to contend with considerable 
difficulties, especially if the district were a large one where a number 
of coal-cutters had to be dealt with, as the potential of the system 
would be fairly high, necessitating the insulating of the machines, 
which would be practically impossible in an atmosphere full of coal 
dust. 

With the proposed adoption of the Thury system, a turbine drive 
would have to be considered, as this is now largely used in collieries. It 
is possible that considerable difficulties would have to be overcome in 
the way of commutation. I am also of opinion that the insulating 
coupling would give trouble at the high speed of the turbine, both as 
regards balancing and getting the insulation to stand. The provision 
of motor-generators for lighting and for small motors underground and 
on the surface would be a very costly matter, not only as regards the 
machine but also owing to the extra attendance and the special founda- 
tions required. Then with regard to winding engines and fans, here, 
again, there arises the necessity for placing large motors on insulators. 
That arrangement does not appeal to me. With regard to haulages, we 
are met here again with difficulties, such as the unfortunate contingency 
of a journey coming off the road, and the necessity of providing power 
to put it on again, which of course means that the torque is then very 
much higher than the running torque, or above that necessary to start 
the haulage on an incline. This means that the haulages have to be 
designed for a considerable current, which further increases the losses 
in the mains. Engineers would, no doubt, find means of overcoming 
these difficulties and others I have not mentioned, but I am afraid that 
recent legislation has put a very great stumbling-block in their way. 
With regard to the diagram showing the efficiency of winding engines, 
the refinement to get good efficiency over the full period of the wind 
is not of great moment when the load is of such an intermittent 
character. Referring to Fig. 5, I think that with the wiring so arranged 
there would be considerable difficulty in fixing the short-circuiting 
switches. I have previously referred to the inverted arch and the 
danger of the insulation cracking, and I think that is a very likely 
contingency. I think a number of mining engineers are now finding it 
necessary to put their machinery on girders so that they can level the 
machines in case of any movement of the ground. Mr. Walker has 
referred to the variations of the pressure of colliery stations. I must 
say that in a number of collieries the pressure is very steady indeed, as 
it is now controlled by Tirrill regulators and other devices  [Mr. 
WALKER : I should like to ask Mr. Carter how many coal-cutters he 
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would be likely to have at work. Would six in one district be enough ?] 
A good deal depends on the district. I should say that five or six coal- 
cutters would be enough in one district in different headings. A 
considerable length of cable would have to be laid from one machine 
to the other. 

Mr. C. С. M. NEw: I can only speak from the supply engineer's 
point of view and in a general way. I think there is a good deal in 
what Mr. Walker has said about the use of the continuous-current 
series system for transmission, but in distributing constant current on 
this system, unless the “ plant load factor" is sufficiently high, the per- 
centage copper loss will be very great. For the low-pressure series 
system Mr. Walker suggested a pressure of тоо volts for distribution. 
Sufficient power, however, could not be obtained at 100 amperes ; the 
total power of the supply would only be 10 kw. With regard to 
frequently raising and lowering the pressure on the constant-pressure 
system in order to compensate for the copper losses, on the loads I am 
concerned with we have to alter the busbar pressure. These loads 
come on at fixed times, and ordinary variations are looked after in the 
usual way by Tirrill and other regulators. A great point about the 
continuous-current series motor as we know it, and the useful point 


about its variation in speed, is that it is used in cases where there is not 


only a variation of speed, but also where at the lower speed a greater 
torque is required. This cannot be obtained with the constant-current 
motor in the ordinary way. I take it that it could be obtained by 
diverting the fields of the motors. I do not know what variation of 
speed is required for the fans in colliery working, but I know in central 
station work all the variation required is obtained by using a shunt- 
wound motor, in which the losses to obtain the variation are very small. 
As regards commutating poles, it would be interesting to have more 
information as to how the commutating troubles are got over. The fact 
of the current remaining constant may alter the case to some extent. I 
notice that the author states that the motor can be driven either through 
gear or by a belt. I take it that the same objection would apply to a 
beit drive as in the case of the ordinary constant-potential series motor. 
As regards power factor and the loss occasioned by idle current, I have 
always understood there was only one current flowing at one time. In 
alternating-current work it is the resultant of the idle and energy 
current. In that case the loss at 0:8 power factor is that due to the 
difference between the energy current and the total current, which is 
20, not 59. As far as the transmission system itself is concerned, this 
would require serious consideration. 

Mr. А. N. MooRE : I agree with several points which Mr. New has 
raised, and I hope the author will reply to them. I think that the author, 
in his endeavour to make out an excellent case for the constant-current 
system, has occasionally rather exaggerated the losses in the three-phase 
system. In dealing with a 3,000-kw. installation he mentions that the 
constant-current supply losses would be something like 648 kw.-hours 
per day, but that with the three-phase system they would be 1,475 
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kw.-hours per day. In comparing the two systems it is the difference 
between these two figures which we are concerned with and which has 
to be considered, viz. approximately 800 kw.-hours. On a 3,000-kw. 
installation at 50 per cent load factor the actual losses would be some- 
thing like 2 per cent. Is this a serious consideration ? I have always 
understood that the particular advantages claimed by M. Thury for his 
system were for long-distance transmission, and not for distribution 
purposes. It seems to me, therefore, that so far as the practical con- 
sideration of the question is concerned, it is the losses involved in 
long-distance transmission which one has to consider. Particularly in 
South Wales I suggest it would be possible to run with bare overhead 
conductors. If that could be done, the induction losses, dielectric 
hysteresis, and the losses in the armouring would disappear, and we 
should be left only with the transformer and PR losses. The author 
makes a strong point of the losses which occur in transformation, and 
he quotes in support of this Messrs. Constable and Fawsset's paper of 
1903, and states that he has based his calculations on the results given 
in that paper. I suggest that it would have been fairer if the author 
had taken the losses which occur in more modern transformers than 
those built in 1900-1903. There has been some improvement in 
the efficiency obtainable to-day, 98°7 per cent being quite an ordinary 
efficiency. I do not consider the losses in transformation are really a 
serious question, and in general I think the author in putting forward 
his claims for the constant-current system has greatly exaggerated the 
losses which obtain in a three-phase system of supply. As to the 
question of the generators and the power-station equipment for such 
a system, I notice the way in which the author brushes aside all 
troubles. Any one who has had experience of continuous-current 
turbines knows exactly what ground he is treading on in dealing with 
the question, and I should have liked the author to have stated more 
definitely his views on the question of commutation. Does not trouble 
exist on this point? He suggests it is an easy matter to deal with 
a pressure of 3,000 volts per machine. I do not know whether trouble 
is going to be experienced or not: there are other difficulties, to my 
mind, in dealing with the question of generating plant for such a 
system. With continuous-current turbines where exceptionally large 
commutators are used there are other troubles besides those due to 
electrical causes. It is true the current will be constant, but seeing 
that the demand upon the system will be varying and that constant 
torque must be provided, varying factors enter into the question. I 
certainly hope that the author in his final reply to the discussion will 
deal a little more fully with this point. Finally, I think it is a pity that 
the author, having dealt at length with the comparative losses, com- 
parative advantages, etc., of the two systems, has not referred to the 
comparative costs. We may have, as he suggests, a station with a 
generator or generators and only a switch, an ammeter, and an 
attendant. There are many other things to be considered besides 
these, especially when, as the author proposes, the system should be 
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adopted for distribution purposes at collieries. Had the author supple- 
mented his paper with the comparative costs of, say, a 10,000-kw. 
installation, it would have been a most useful addition. 

Mr. J. L. WiLsoN: With regard to the remarks of the last two 
speakers, I should like to mention that this system is already in use by 
the Metropolitan Electric Supply Company in London. I do not 
suppose it has been very long in use, but I understand that everything 
so far has proved satisfactory. In the Metropolitan supply, although 
the series system is deemed advantageous for the transmission, the 
energy is distributed to the consumers on the three-phase system. 
Now a colliery installation can be compared more with an ordinary 
lighting and power supply distribution than with a long-distance 


transmission. There is no doubt at all that the advantages offered’ 


by the constant-current system are for long-distance transmission. 
One or two points as to its use in a colliery. We have seen how 
various motors, etc., have automatic switches to cut them out of circuit 
in the case of a fault on the motor so that the system continues 
running as before. But in the event of any fall breaking a cable, 
it means that every motor and every piece of plant in that colliery is, 
for the time being, shut. down until the repair is made. Then, as 
Mr. Rutherford pointed out, instead of feeding different motors from 
sub-stations by cables of the correct size, the full size of cable has to 
be run to any outlying motor. Then in one of the diagrams (Fig. 6) 
showing the distribution to a group of collieries with this constant- 
current system, in the event of a breakdown in any part of the trans- 
mission line between any two collieries it means that the whole of the 
group of collieries would be shut down until a repair was effected. 
With the same arrangement on the three-phase system in the form of 
a ring main, any breakdown on the line would only be a temporary 
shut-down, the collieries being immediately supplied from each end of 
the ring, so that there would be no serious loss caused by a shut- 
down. | 

Mr. J. W. MoRGaN : I agree with the first speaker that one of the 
principal difficulties will be the foundations. I should be sorry to 
have to install in any colliery I have had to deal with up to the present 
a concrete block with glass insulators and bitumen surrounding it, 
because it is bad enough in the case of girders. In fact, in some 
collieries I am dealing with at present we have regularly to pack up 
foundations once a month. It would be a great drawback to the 
system. Мг. Wilson referred to a break in the cable causing a shut- 
down. I believe that in the systems at present in existence, which are 
on the surface, the usual practice is to put the two ends of the broken 
cable to earth and the system goes on as before. I would not care to 
do that underground, and it would also be awkward if the cable broke 
in the shaft. I think those two points would be very much against 
this system. During the last few years colliery managers, where they 
have got electricity, have become very fastidious and want a light here 
and a light there, which is ivery simple with the three-phase system. 
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In every switch-pillar I install a small transformer for lighting various 
engine-rooms. But if the series system were carried out we should 
have innumerable motor-generators scattered all over the place, which 
would not tend to make the colliery engineer’s work any easier. He 
has enough worry as it is. 

Mr. W. A. CHAMEN : I have never used the Thury system, but have 
seen it, and have had it in mind for some time. When M. Thury came 
over some few years ago he called on me in Cardiff, and I then came 
to the conclusion that we could not lightly dismiss his system. Не was 
very careful to impress upon me that so far as he was concerned the 
system was designed for transmission and not for distribution. He 
never intended that small motors should be used with it, or that any 
attempt should be made to use it for lighting, but simply that it should 
be used as a means of transmission, particularly over long distances. 1 
was astonished at the high pressures he mentioned. The pressure of 
11,000 volts used by the South Wales Power Company is a trifle com- 
pared with the pressure M. Thury is actually employing on the Conti- 
nent. I have seen the generators working at Willesden, and I can 
testify that, whatever the reason may really be, there is absolutely 
no trouble as regards commutation. The constant-current dynamo is 
altogether different from the ordinary continuous-current machine we 
are accustomed to think about. While it is true that this system 
is mostly applicable to transmission, it is obvious also that if there are 
large motors, such as for winders or large colliery fans, it is most 
economical to put these motors directly into circuit. Mr. Walker has 
suggested that we should take this system down the pit. I do not think 
any one has suggested that before, but if a case could be made out for 
it I do not believe any serious trouble would be raised by the Home 
Office or by any of the authorities that make regulations under which 
we have to work. Of course we should have to make out a good case. 
With regard to the wave forms illustrated by the author, Mr. Duddell 
some years ago took several oscillograms of the South Wales Power 
Company's supply, and he reported that our old alternators gave 
perfect sine waves. Those were Ganz alternators. Since then we 
have installed two other different forms of alternators, both turbo- 
alternators, one manufactured by the British Westinghouse Company 
and the other by Messrs. Dick, Kerr, & Co., and it is very difficult in 
the oscillograms obtained from this plant to discover any deviation 
from the true sine wave. I do not know on what type of machine the 
author obtained such diagrams as those shown. 

As to what is going to happen on a constant-current circuit when 
the cable breaks down, after thinking it over I have come to the 
conclusion that I would far sooner have an accident to a cable with 
the constant-current series system than with our present three-phase 
system. If a breakdown occurs in the shaft, Mr. Morgan said it would 
be very inconvenient to earth the ends; a breakdown in the shaft, 
however, would present about the same difficulty with any system. But 
with regard to other places, it seems to me that it is possible with the 
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constant-current system that а real breakdown would not arise at all. 
Suppose a joint were pulled out (not an unknown thing in these colliery 
districts, I am sorry to say), what would happen? The cable would 
part, the ferrule would come off, there would be an arc across the gap, 
but there would be no surging or anything of that sort. In time the 
insulation would burn through, the sheathing of the cable would in that 
way get in contact with the conductor, and it would break down to earth. 
But, on the other hand, there being no other conductor close beside, and 
at a difference of potential of many thousand volts as we have in the 
three-phase system, there might be no short-circuit at all. The whole fault 
might fuse up solid and put the circuit to earth at this point, but the 
supply would not be interfered with. The constant-current system is 
one in which part of the circuit can be operated from the point where 
the breakdown occurred back to the generating station through the 
earth. The worst condition would be when a breakdown occurred, 
say, half-way round the circuit. Half of the plant might then be put 
out of use. 

In connection with Mr. Carter's question, we have sometimes been 
told that one of the objections to electrical apparatus underground is 
that if the journey gets off the road it tears out the props, etc., but this 
system eliminates that trouble. It is perfectly true, as Mr. Carter said, 
that it is impossible to overload the motor. It takes only the load for 
which it is constructed, and can be treated like hydraulic plant if 
desired. I hear it sometimes pointed out that the great advantage of 
hydraulic cranes is that they cannot be overloaded. With the series 
system that position is obtained. With regard to the running away of 
the motor if a belt comes off, of course that is one of the things we 
should have to guard against. All these motors are provided with very 
simple governors, which shift the brushes and automatically prevent 
the speed exceeding a certain figure. Then, again, supposing the 
governor does not work, there is the safety arrangement in the shape 
of a short-circuit maker instead of a circuit-breaker. If the voltage 
across the brushes of the machine exceeds a certain figure the device 
short-circuits and stops the machine at once, so that there is not that 
great danger which might at first sight be imagined. We have still 
the necessity of adopting safety apparatus, but it is not of the kind that 
we are most accustomed to. I doubt if any one in a paper describing 
it can produce in our minds a real idea of what the system is and what 
it can do. I hope that there will be some opportunity in this country 
before long to adopt the system, at any rate for transmission pur- 
poses. I feel absolutely convinced that for certain cases it has great 
advantages. 

Mr. G. W. HUMPHRY (communicaled) : Considering the fact that in 
its beginnings the three-phase system was looked upon with grave 
suspicion by engineers chiefly familiar with continuous-current systems, 
it is rather surprising and remarkable that this country presents only 
one example of continuous-current transmission on the constant-current, 
high-potential system. I believe that since 1890 about fifteen or sixteen 
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Thury constant-current plants have been installed and are in regular 
and successful operation on the Continent. In America, however, it is 
conspicuous by its absence. Mr. Walker refers to a high-pressure 
continuous-current loop system with any number of motors or motor 
sub-stations distributed along the line, and, if desired, with a number 
of generating stations at suitable points on the loop. It is, however, 
preferable for covering a large industrial area, such as a mine or steel 
works, to adopt a parallel constant-pressure system, the simple reason 
being that, with the series system having a load more or less uniformly 
distributed along the loop, the system is only a high-tension one near 
the station, since the voltage decreases as the distance from the gener- 
ating station increases. It is true that the cost of the dielectric is 
greatly reduced, but that can be said of any low-tension system. The 
point is that in the case of the series loop serving a large area, with 
energy taken off at intervals along the line, the average pressure at 
which the power is supplied to the motors or sub-stations is only about 
half the pressure that is supplied to the line where it leaves the power 
station. The chief objection to the system from a constructional point 
of view is the relatively small size in which the units must be built, 
owing to the difficulties of commutation, and the inconvenience of 
insulating the generators from earth and from the prime mover ; but 
as might be expected from our present knowledge of insulating 
material, these difficulties might be successfully overcome. From 
the standpoint of general energy distribution, the system is rather 
peculiar ; it is, however, capable of remarkable results in delivering 
power in a single transmission. There is no difficulty in taking 
moderate amounts of power from the transmission line, there being 
no troublesome transformer to install at extreme voltages. Yet, on the 
whole, it is much less convenient for general use than a constant- 
potential system. The question of sparking distances and the behaviour 
of insulating material when subjected to continuous current at high 
pressures is of the greatest importance when considering the relative 
values of the Thury system and the more common three-phase high- 
tension system. The comparisons between an alternating-current and 
a continuous-current system are made upon the basis of „/2 multiplied 
by the root-mean-square value, which makes the allowable pressure of 
a continuous-current system to earth or between wires, for the same 
insulation and spacing, „/2 multiplied by the working pressure of an 
alternating-current system. With the view of obtaining some definite 
data on this point, M. Thury made a very complete set of comparative 
tests with high voltages, both continuous and alternating. The results 
of these tests were slightly in favour of the alternating-current system, 
owing to the fact that the experimental alternator with which the tests 
were conducted gave a rather flat-topped pressure wave without any 
irregularities, which are so common in practice on existing high- 
pressure systems. Puncture tests were also conducted with various 
insulating materials, and they all tended to show that with continuous 
current something more than twice the alternating-current pressure is 
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cequired to puncture a given insulation, and, in regard to the compara- 
tive sparking distances, the continuous-current voltage necessary to 
spark over a given distance is double the voltage of the alternating- 
current system. The complete series of tests taken were very con- 
vincing, and seem to indicate that any existing transmission designed 
to carry any definite maximum working pressure with alternating- 
current is quite capable of being used to carry a pressure of twice 
this amount with continuous current. There are many points of detail 
which Mr. Walker seems to have unfortunately omitted, one of the 
most important in my opinion being the absence of any surface 
temperature rise on the line when loaded with comparatively heavy 
currents at high voltage, i.e. the skin effect, which we are all aware 
is one of the most important factors in determining the size of cable 
for a given load. Many engineers seem to neglect this fact, as it is 
well known that as the temperature rises in the conductor there is a 
relative decrease in the insulation resistance of the dielectric. The heat, 
which constitutes the form of energy loss in the distributing mains, 
is very small, as the insulators carrying a transmission line on the 
continuous-current system remain cool at very high pressures, whereas 
at the same pressure in an alternating-current system the insulators 
become extremely hot and often break under the physical strain 
imposed upon them. This fact is well exemplified when one con- 
siders that the total leakage over about 3,000 insulators on the 
transmission line at St. Maurice-Lausanne is about 800-goo watts in a 
very humid atmosphere. 

As I previously pointed out, there are about sixteen of these plants in 
successful operation—successful, not from.the point of view of rumour 
and hearsay, but from the financial records published from time to 
time as regards their annual revenue—and we have only to look to 
the plant installed by Mr. Highfield, and his annual financial report, 
to confirm what has been said of the continuous-current high-pressure 
system. As an example of what has been done on the Continent, I 
should like to point out that at Batoum, in Russia, the loop is about 
13 miles wrth a line pressure of 2,600 volts; at Moutiers-Lyons the 
line distance is about 224 miles, j.e. 112 miles lead and return, with a 
pressure of about 57,000 volts, which it is proposed to increase by 
about 50 per cent in the course of time, and the average of all the 
lines working 15 a 50-mile loop with an average pressure of about 
15,000 volts. Continental engineers have experienced little or no 
trouble in regard to smooth commutation, and it is quite possible 
to build machines of a large size with 5,000 volts across the com- 
mutator at 400 amperes, which could be transmitted and distributed 
by two or more line feeders connected in parallel. The output of the 
machines would be about 2,000 kw., and they could be coupled in 
parallel by direct connection to the prime mover. In fact, M. Thury 
has built a machine capable of commuting a pressure of 25,000 volts, 
but unfortumately he did not proceed further in the matter. The 
above method would not amount to new or experimental engineering, 
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as this means is adopted in many cases to-day ; and such a scheme 
would, in my opinion, be admirably suitable for distribution in any 
industrial area. It has been pointed out by Mr. Walker that with this 
system inductive and other troubles associated with alternating-current 
systems disappear, and instead of getting o:8 power factor one will be 
sure at all times of a station operating at its maximum efficiency. He 
has further pointed out the importance of having an open circuit; also 
its advantage over any earthed system, namely, that any point can be 
readily put to earth without causing any serious stoppage of the plant 
or of the network of any district. There is also the point, quite over- 
looked by Mr. Walker, that it is quite feasible to arrange an earth 
connection at both ends of the system, the earth wire being so 
arranged as to get as good a balance of the load as possible, the 
result being an arrangement similar in operation to a three-wire 
system ; the pressure between the wires can then be doubled because 
the maximum working pressure between any wire and earth can never 
exceed half the pressure between the two wires of the system. "There 
is also the facility and safety of working on repairs to the line or a 
machine, as in the case of the line it is quite possible to arrange 
emergency earth links, and in the case of the machine when it is 
switched off the line it immediately becomes absolutely * dead" and 
in no way forms part of the system. To use the earth as part of the 
system is by no means impossible, the earth being practically at zero 
potential, and the losses being almost wholly in the neighbourhood of 
the earth plates; tests show that in one case the total earth resistance 
was about 0°5 ohm. 

As Mr. Walker has not made a comparison of the capital cost of the: 
two systems, I propose to do this; but my comparison will only be 
for what I think would be an ideal system as regards the adoption of 
the Thury system to a mine or group of mines. There would, in the 
first instance, be a distinct saving in the cost of the building or power 
house, because the amount of space required for a given station 
capacity is only two-thirds that of a similar station for alternating. 
current or low-tension continuous current. Supposing that the capa- 
city is of the order of 5,000 kw., and that the overall station cost per 
kilowatt is £10 (this figure is taken to include everything for an alter- 
nating-current station), let us deduct 25 per cent of this amount to 
cover the cost of the switchboard and other apparatus. We should 
then find that we were left with the sum of £7 55. per kw. ; adding 
24 per cent of the first figure to this to meet the extra cost of insulating. 
material for foundation, etc., leaves us with approximately £8 per kw. 
for the plant on the Thury system. For this reason important switch- 
board and other apparatus have been cut out of the cost, apart from 
the very important saving in lands and buildings. Of course the usual 
way of doing this would be to reduce the estimated costs to a common 
basis, and in this consideration the combined cost of alternators,. 
exciters, etc., is set against that of the continuous-current machine. 
Now let us take up the question of cables from a point of view differing. 
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from that of Mr. Walker, and the following assumptions will be 
made :— 


I. Equal distance of transmission, without taking any current 
from intermediate points. 

2. Equal amounts of power transmitted. 

3. Equal losses in cable. 

4. The dielectric thickness in each case being the same; or, in 
other words, the pressure in both systems being the same. 


Let us then consider that we have the same maximum pressure 
above earth, the continuous-current pressure being 4/2 times the 
alternating-current pressure single-phase, and let Y be the alternating- 


current voltage, and V the continuous-current voltage. We then have 
the following ratios :— 


, 
(a) v= — . for the voltages to earth. 


/2 


(6) Equal voltage between "Bes, TE the above Р: 


current pressure МУ = ai ‚ог the ratio —~- 


У 
(c) Continuous-current pressure twice alternating-current pres- 
sure— 


о 


КАЯ v 

2V 

Then to satisfy the equation of equal total power, the equation 
becomes— 


2V x I- 3V I cos 0, 
and for equal losses— 
о.о 
2 РК = 51°К. 

Where— 

I = current per conductor in the continuous-current system ; 

R= resistance per mile of single line in the continuous-current 

system. 
R = resistance per mile of singe line in the three-phase system. 
I = current in the threc- phase system. 


In either of the systems the total weight (and cost) of conductor is 


proportioned to Ne 


[4 
where— 
N, = number of conductors, 
and— 
R, — resistance per conductor. 
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This gives the relation— 


2 R __ Cost of conductors (C.C.) 
3R cost of conductors (A.C.) 


Ё can be expressed in terms of R, thus— 


k — 2 PR 
3b 
Also— 
I23 Vi cos 0 
"у , 
or— 


29V: Í? cos? 
ar 


which, after substituting for I*, gives— 


I 


8 3 V7 Cos" 0 xR 
n 2 V* 


Thus the equation becomes— 


cost of conductor (C.C.) = e 


cost of conductor (3-phase А.С.) V? 


Assuming the value given by Mr. Walker of o'8 for the power factor, 
for the same pressure above earth (assuming a sine wave)— 


С.С. cost — cos*8 
А.С. cost 2 


As above, but allowing the pressure of the continuous-current system 
to be double the alternating-current pressure— 


= 0°32. 


cos? 0 
-== 0°16; 


for the same pressure between any conductor— 
4 cos? 0 = 0'436. 


Assuming the same condition, but allowing the continuous-current 
pressure to be double the alternating-current pressure— 


$ cos? 0 = 0218. 


It will therefore be seen that the continuous-current system, with the 
same factor of safety and a much greater available pressure, has 
a considerable advantage in the cost of conductors, to say nothing 
of the saving in design of the line, and mode of distribution. It has 
considerable advantage aver a three-phase system, and, taking the 
figures most favourable to the alternating-current system, the cost 
would be about two-and-a-half times that of a similar continuous- 
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current conductor. Any engineer who investigates the simplicity of 
a Thury station, and then calls to mind the complex three-phase station, 
will pause and think before passing over this system. 

Mr. S. F. WALKER (in reply) : I should like to emphasize the point 
that in considering this system we have to put aside our old ideas. 
Thus, we must remember that there are no short.circuits with this 
system. The equivalent of a short-circuit is a break, and a break is 
not such a serious matter as a short-circuit. Of course, in the case 
of a group of collieries a break in the cable between two collieries 
would be a serious matter, but there is the possibility of putting the 
cable to earth in the case of such a break above-ground. 

Mr. Trotter recently told me that the Board of Trade had sanc- 
tioned a pressure of, I think, something like 175,000 volts in the case 
of the Metropolitan Electric Supply Company, and that the Company 
is quite at liberty to use an earth. I think Mr. Highfield has installed 
two cables between Willesden and Southall, and in the case of one 
breaking he puts the two ends of the break to earth. I quite agree 
that I should not like to earth a cable in a pit, but it is not intended 
to do so ; moreover, a break in a cable on the constant-current system 
in a pit is not so bad as a short-circuit in a three-phase cable, which 
results in an arc and the possibility of a fire. There are, moreover, six 
chances of short-circuits, viz. between any two of the three cables and 
between any one of them and the armouring. With the constant- 
current system the most that can happen if a single cable breaks is 
a stoppage of the supply, and this will certainly happen if a three-phase 
cable breaks. But the protection, as I have pointed out in the paper, 
is the short-circuiting devices. There can be as many of these as 
desired. I should have, in practice, one at the pit top, one at the 
pit bottom, one at the entrance to each district, one for each motor, 
and so on. 

Mr. Rutherford asked if the system has been a success in the South 
of France. It has been at work there for 15 years at least, and it 
is being considerably extended. The city of Lyons has adopted it as 
well as two or three other cities, including Geneva. There is no coal 
there and water-power has to be transmitted to a considerable distance. 
My idea in using coal-cutters on this system is the prevention 
of shocks. Various devices have been tried with existing systems, 
but I submit that there is no device so good as lowering the pressure. 
Bring it down to 1oo volts and there is absolutely no danger. 

Mr. Carter asked about several coal-cutters in one district. His 
objection, I take it, is to working a number of machines in one pit. 
А motor-generator, however, could be used for each machine, which 
I believe Mr. Carter objects to on the ground of expense. I consider 
that the extra cost of installing the motor-generator would be balanced 
by the money which Mr. Carter would save under the Compensation 
Act if a couple of men were killed. Of course two machines might be 
used with one motor-generator. Any amount of power can be put on 
the motor, and if objection is taken to the size of the cable necessary, 
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I would say that the trailing cables are awkward now because they 
have to be protected in many ways, and it is this protection which 
makes them bulky. It would not be so serious in the constant-current 
system, asa cable carrying large low-tension currents would not need 
anything like the protection that is required for small flexible cables 
carrying high-tension currents. As to the case of a sub-station when 
the current is purchased, the additional attendance necessitated by 
a motor-gencrator is practically nothing. In regard to varying the 
speed, I understand that in the bulk of colliery work a machine 
that runs at a fairly uniform speed is what is wanted. I also main- 
tain that if we can do away with the starting switch and resistances 
it will be a great boon to everybody. 

There are two methods of dealing with the case of a small motor 
at the pit bottom. А small motor-generator might be installed there 
(and the extra cost would not be serious), or the motor might be 
included in the circuit and have a short-circuiting switch. It would 
only be used occasionally if it was in such a position, and a float could 
be used to close or open the short-circuiting switch. 

The insulation of the machinery is an important point, and I do not 
suggest that a pump should be driven by a motor in the main circuit 
in certain wet places. In such cases a motor-generator should be 
installed.  Commutator troubles on the constant-current system may 
be considered as solved. Whilst as regards the variation of power, 
the extra power required for pulling tubs on to the road has to be 
provided for at present, and the only difference would be that, instead 
of regulating the speed or the torque by means of a controller, the 
brushes would be rocked. 

In reply to Mr. New's question about commutating poles, I can only 
say that M. Thury claims to have suppressed sparking in the same way 
as with commutating poles, by impressing a certain number of lines 
of force on the coil that is under commutation in such a manner that 
the pressure in it is neutralized and the new pressure in the other side 
is started. He effects this simply by the construction of the machine, 
but there is one great advantage : neither the current in the field nor 
in the armature varies, so that he has only to provide for the variation 
in voltage. 

Finally, if the system is worth installing, I think a way will be found 
of getting over the lighting trouble. 
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Proceedings of the Joint Meeting of the Institution of 
Electrical Engineers with the Société Interna- 
tionale des Electriciens, held in Paris 21st-24th 
May, 1913. 


Wednesday, 21st May, 1913.—At a meeting at the Conservatoire des 
Arts et Métiers, Mr. D. Berthelot, President of the Société Inter- 
nationale des Electriciens, in the chair, the following papers were read 
and discussed: ''High-tension Continuous-current Traction," by 
Mr. L. Gratzmuller (see p. 483) ; “Single-phase Traction," by Mr. M. 
Latour (see p. 507) ; “ Railway Electrification Problems in the United 
States,” by Mr. H. Parodi (see p. 526); “The Electrification Schemes 
of the Chemins de Fer du Midi," by Mr. E. J. Jullian (sce p. 555) ; “ The 
Electrification of the State Railway : the Paris Suburban Lines," by 
Mr. А. N. Mazen (see p. 572) ; “ Petrol-electric Motor-vehicles,” by 
Mr. J. B. G. Damoiseau (see p. 582). The meeting adjourned at 
11.30 a.m. 

Visits were paid in the afternoon to various places of interest, in- 
cluding the Saint Denis power station of the Société d'Electricité de 
Paris, the Triphasé station at Asniéres, and the Sevres Porcelain 
Factory. An official banquet was held in the evening at the Palais 
d'Orsay. 

Thursday, 22nd Мау, 1913.—At a meeting at the Conservatoire des 
Arts et Metiers, Mr. D. Berthelot, President of the Société Interna- 
tionale des Électriciens, in the chair, a paper by Mr. J. S. Highheld, 
entitled “The Transmission of Electrical Energy by Continuous Current 
on the Series System” (see p. 640), and a paper by Mr. M. Leblanc, 
entitled * Electric Transmission of Energy by Alternating Currents at 
Very High Pressures" (sce p. 679), were read and discussed, and the 
meeting adjourned at 11.50 a.m. 
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A reception was held in {һе afternoon by Mr. Eiffel at the Eiffel 
Tower, and visits were paid to the electrical installations of the Nord- 
Sud Railway and the Compagnie Generale des Omnibus, and other 
places of interest. 

Friday, 23rd May, 1913.—At a meeting at the Conservatoire des Arts 
et Métiers, Mr. W. Duddell, F.R.S., President of the Institution of 
Electrical Engineers, in the chair, the discussion on the papers by 
Messrs. Gratzmuller, Latour, Parodi, Jullian, Mazen, and Damoiseau 
(see p. 611) was continued, and the meeting adjourned at 11.30 a.m. 

An excursion was made to Chantilly in the afternoon. 

Salurday, 24th May, 1913.—At a meeting at the Conservatoire des 
Arts et Métiers, Mr. W. Duddell, F.R.S., President of the Institution of 
Electrical Engineers, in the chair, a lecture was given by Mr. G. 
Claude on “Neon Tube Lighting" (see p. 714), and the following 
papers were read and discussed: ‘‘ Application of Mechanical Devices 
to the Assistance of Manual Operating in Telephone Exchanges," by 
Mr. W. Slingo (see p. 719); “Application of Wireless Telegraphy to 
Time-Signals,” by Commandant G. A. Ferrié (see p. 729). The 
meeting adjourned at 11.45 a.m. 

Excursions were made to Versailles and Buc in the afternoon. 
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HIGH-TENSION CONTINUOUS-CURRENT 
TRACTION. 


By Louis GRATZMULLER. 


(Paper rcad in Paris at a Foint Mecting of THE INSTITUTION with the Sociéte 
Internationale des Electriciens, 21st-24th May, 1913.) 


I propose in this paper to consider the high-tension continuous- 
current system of traction and its possibilities of development ; but no 
attempt will be made to enumerate all the experiments or successes so 
far attained, for this has recently been done by Mr. de Valbreuze. Some 
installations of more recent type, however, will be described, and my 
object will be attained if this paper gives rise to a useful discussion. 


HISTORICAL. 


The causes which have brought about the consideration of high- 
tension continuous-current traction will first be mentioned. 

Continuous-current traction at 500 to 600 volts, first put to com- 
mercial use in America by Mr. F. J. Sprague, has developed consider- 
ably. The means of collecting thc current, the motors, and the control 
apparatus, have reached a high state of perfection, and there is not 
much difference in the apparatus supplied by the best-known manu- 
facturers. Indeed, it is generally the case that as the solutions of a 
problem become more perfect they tend to merge into one standard 
solution. 

The first problem which engaged the attention of electrical engi- 
neers was urban traction over short distances ; but becoming more 
ambitious, they supplied the correct solution of interurban transport ; 
and finally, to-day they are anxious to undertake heavy railway traction. 

Electrification first develops where the conditions are most favour- 
able; for example, in the neighbourhood of waterfalls, as in Switzerland 
and in Norway ; in fact, it is sometimes in such cases that the problems 
are the most difficult to solve, owing to the heavy gradients and the 
tunnels, and especially where the development of traffic has resulted 
in the capacity of the tracks being exceeded. In America electrifica- 
tion was recognized as indispensable for Long Island : in the case of 
the Western State Railway of France it will, I believe, save the 
situation in a brilliant manner. 

When electrification has once made a start in a district it develops 
rapidly. The facilities for transport which it provides displace or 
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create new centres, and change the conditions of life and of progress. 
If the series transmission system of Mr. Thury is excepted, alternating 
currents have generally supplied the solution when electrical energy 
has to be transmitted to supply light or power. What is the funda- 
mental reason of that success? It is that the static transformer, an 
apparatus of very high efficiency having practically no moving parts 
and easy to maintain, allows the pressure to be raised for transmission 
and subsequently lowered for use. It was natural, therefore, that 
engineers should first turn to alternating current when introducing 
electric traction over long distances. Little use having been made of 
the single-phase motor previous to the year 1i90oo, the three-phase 
system requiring two overhead conductors was ‘the first to be tried, 
and three-phase traction was invented by Mr. de Kando. 

The disadvantages of using two overhead conductors are the trouble 
at crossings and the limited number of running speeds. Inventors 
therefore turned their attention to the single-phase commutator motor 
requiring only one overhead conductor and capable of giving a large 
range of speeds. Credit is due to Mr. Lamme for being the first 
to achieve this in practice. 

The difficulty of the problem to be solved, the excellence of 
continuous-current apparatus for pressures of 500 volts, and the 
natural feeling in favour of the system which had developed so well, 
and possibly other tendencies, suggested the interesting experiment 
from which high-tension continuous-current traction has resulted. 
Its weak point is that no static transformer is available ; and this is 
why continuous current has not been considered. But can this dis- 
advantage be compensated by certain advantages? This is what I am 
now going to consider, and I propose to review rapidly the various 
elements of the problem, namely— 


I. The generation of high-tension continuous current. 
2. The overhead conductor. 
3. The motors and their accessory apparatus. 


4. The control. 
5. At the request of Mr. Mommerqué, the safety of the system 
and the protection of the staff. 


А fcw recent installations will then be described, and finally the 
various points will be summarized. 
I do not propose to consider the mechanical design of the 


locomotive. 


GENERATION OF HIGH-TENSION CONTINUOUS CURRENT. 


There are two very different cases :— 


I. When the power station is at a considerable distance from 
the track; this will always be the case for traction over 
very long distances 
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2. When the power station is in the neighbourhood of the track, 
the length of the latter being such that there is no need 
to consider the necessity for transmitting energy at a very 
high voltage (i.e. at a pressure higher than 1,200 or 2,400 
volts). 


In the first casc the three-phase system is the obvious solution, 
whether the prime movers are hydraulic or steam ; and the only 
question is the choice of frequency. At any rate if the amount of 
power required is small, a frequency greater than 25 seems preferable 
in the case of steam turbines, so that the weight of the turbo-alternator 
may be as low as possible; but if the energy is to be transformed into 
continuous current, a frequency of 25 is advisable if recourse is to 
be had to a rotary converter—which is, we believe, the general 
method. As a matter of fact the sub-station can contain— 


I. À motor-generator ; 
2. À Leblanc-Arnold rotary converter ; 
3. Static transformers and a rotary converter. 


The motor-generator has already been dismissed as unsuitable for 
traction at 500 to 750 volts: it is too expensive. But at 1,200 volts 
or above it allows a machine with a number of poles to be used, and it 
can then perhaps be defended. 

'The cascade converter has so far not been adopted to any consider- 
able extent, and it is mainly used to lower the frequency of the currents 
induced in the rotor. It can only competeas regards cost if the output 
of the set is sufficiently high to enable the alternating-current stator 
winding to be supplied with high-tension current. This limits its 
pressure in the most favourable cases to 10,000 or 12,000 volts ; but, on 
the other hand, its working is perfect, and it can easily be started and 
compounded, as I have verified for myself in constructing the apparatus. 
It possibly. only shows to advantage if the frequency chosen is high, 
that is to say, in France practically 50 periods. All the above condi- 
tions thus considerably limit its field of application. Nevertheless, the 
great facility with which it can work with very high pressures on its 
commutator may possibly weigh in its favour in certain cases ; and the 
reduction in the number of poles of the rotor having a commutator 
will in fact allow the brushes to be set farther apart and the number 
of segments per pole to be increased without resulting in too high a 
peripheral speed for the commutator. 

The rotary converter for a frequency of 25 periods and a pressure 
of 600 volts is to-day giving every satisfaction, and the increase of the 
continuous-current pressure to 1,200 volts is universally agreed to, 
especially since the use of commutating poles enables the difference 
between the “ampere conductors” of the continuous-current armature 
and the “ampere conductors” of the alternating-current armature to be 
neutralized in the neighbourhood of the brushes. The increase in the 
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peripheral speed has also contributed to the increase in the capacity 
of these machines. 

The three-phase rotary converter operates well even at 50 periods, 
but I think that the continuous-current pressure could not be raised 
to more than 600 or 750 volts. Continuous-current pressures above 
1,200 volts in the case of 25 periods, or of 750 volts in the case of So 
periods, should be obtained by putting the converters in series. 

In the second case which we have to consider, the mechanical 
energy is transformed directly into continuous currents. If the 
mechanical energy is produced by a hydraulic turbine there is no 
serious difficalty. Up to 1,500 volts a dynamo with a single commu- 
tator will operate satisfactorily. The pressure could be increased to 
3,009 volts by installing a machine with two windings and two com- 
mutators, or by putting two machines in series. When the mechanical 
power is generated by a steam turbine in the neighbourhood of the 
track it appears to me desirable to transform alternating current 
into continuous current by means of a rotary converter. Moreover, 
in this case it is very frequently advantageous to choose carefully the 
most favourable point for feeding the continuous current into the con- 
ductor, and to transform the alternating current to continuous current 
at this point. 

I may here mention a point which in the future may be of great 
importance, and may influence materially the choice of high-tension 
continuous current for traction. More and more interest is likely to be 
taken in increasing the speed, and consequently the frequency, of 
turbo-alternators. The mercury converter, whatever may be the 
frequency, allows the alternating current to be rectified with a constant 
fall of pressure. It is being perfected ; apparatus of a capacity up to 
300 kw. already exists, and for high pressures its efficiency is nearly 
unity. Hence electric power in the form of continuous currents may 
in the future perhaps prove the most economical. 


THE OVERHEAD CONDUCTOR. 


There is no essential difference between the collecting of single- 
phase and continuous current except as regards the amount of 
current. A continuous-current pressure of 3,000 volts promises to be 
the safe limit for some time to come, and a current of 500 amperes at this 
pressure supplies a power of 1,500 kw. It thus appears that powerful 
locomotives can only be utilized where a third rail 1s installed, which 
alone will provide the necessary surface and contact pressure. 

Currents up to 150 ampcres can be transmitted by means of over- 
head conductors, which are more economical at low speeds with the 
type of suspension ordinarily employed at pressures of 600 volts, 
but with double insulation, and even more favourably with catenary 
suspension. An overhead conductor is easier to insulate, but from a 
purely mechanical point of view it is not so safe as the third rail. 

Attention should be called to the advantage in favour of continuous 
current that for the same amount of current there is a smaller loss in 
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the return circuit ; on the other hand, there is the question of electrolysis 
to be considered. There may also be adduced in favour of high-tension 
continuous current the advantage that it does not cause disturbances 
in neighbouring'telegraph and telephone lines. 


MOTORS. 


In all asynchronous motors, which alone are used for traction, 
the torque, T, is at each moment proportional to the current I,, of 
the rotor, and to the calculated flux in a direction perpendicular to the 
axis of the main flux of the rotor. We have, in fact— 


T=K I,, Ф, 


It is seen that the whole of the flux in the direction of the main 
flux of the rotor takes no part in producing the torque. It is an idle 
flux and is harmful. To counteract it we have compensating windings 
for the armature reaction, and auxiliary poles (Picou). In asynchronous 
machines this compensation takes place automatically, a component of 
the ampere-turns on the stator compensating automatically the flux 
produced by the ampere-turns of the rotor. In single-phase machines 
the effect is obtained by means similar to those used for continuous 
current. As regards the inducing flux, continuous-current field windings 
are economical in copper, but a compensating coil or auxiliary poles 
must be added to them to counteract the reaction of the armature. 

In the case of three-phase machines the ampere-turns of the various 
coils producing the flux are not at every moment in phase with the 
total flux; this shows that they have components which more or 
less neutralize each other. Moreover, the coils are much longer 
than the circumference of the iron poles which they surround ; but the 
ampere-turns producing the resultant flux and those compensating 
for the reaction of the armature are produced by a single winding, 
whereby an advantage is obtained as regards the R I* losses. 

Without entering into a detailed examination, which would be out 
of place here, it may reasonably be inferred that with (т) the same 
internal diameter, (2) the same length of iron, and (3) the same weight 
of copper for the windings, it will be possible to obtain the same torque 
in normal working whether the motor be wound for continuous current 
or be a three-phase induction motor. 

The commutator segments and the brushes in the case of the high- 
tension machine will be heavier than collecting rings and their brushes, 
but the laminations of induction motors have to be held in the frame. 
Thus I think that the difference in weight for a given peripheral speed 
will not be of such a nature as to make the continuous-current motor 
compare unfavourably with the three-phase motor. 

The single-phase motor is clearly heavier, but especially for low 
frequencies the difference is not so great as might be expected. The 
following reasoning used formerly to be given :— 

Let a series compensated single-phase motor be supplied with con- 
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tinuous current. It gives a certain power for a current I. With 
alternating current it will be unable usefully to carry I;;— IL, since for 
the maximum value L,, 2 ./21,, and the iron is saturated if Im = I. It 
could carry then only Ij = L/,/2. The reasoning is fallacious, because 
if the relation Iy = I, is maintained when the iron becomes satu- 
rated, the back electromotive force tends to diminish, the current will 
increase, the current curve will assume a pointed form in the neigh- 
bourhood of the maximum, and the flux, that is, the electromotive 
force curve, becomes flat at the same point. 

The instantaneous power being at each instant proportional to the 
product of the ordinates, the mean power in an alternating-current 
machine will differ by only r5 per cent from the power of a continuous- 
current machine, and will not be 1/,/2 of that power. 

The continuous-current motor and the three-phase motor in normal 
working have thus approximately the same weight for the same copper 
or iron losses. 

The continuous-current shunt motor, if it had not the drawback of 
having fragile field windings, would offer the same conditions for making 
use of the material. But in the shunt motor or the three-phase motor, 
as a result of leakage, the useful flux decreases slightly as the load 
increases, and it is thus clear that the torque on overload will increase 
less quickly than the current in the rotor. 

The following are some of the special features of the series motor :— 

The formula T = КІ,„Ф,, shows that the torque is not only propor- 
tional to the current in the rotor but also to the flux. But in the series 
motor this flux increases with the current, and the torque will then 
increase more rapidly than the current. 

Another advantage of the series motor is that the losses diminish 
rapidly with the load. 

The commutation is very good, because (1) the air-gap can be 
increased so as to reduce the cross flux due to the ampere-turns of the 
armature reaction, and (2) the self-induction of the coils undergoing 
commutation decreases automatically with the load owing to the 
saturation of the teeth in the path of the field flux. It is always 
absolutely perfect at starting, and it should remain perfect at full speed. 

It will not be without interest at this point to compare briefly the 
single-phase series commutator motor and the continuous-current motor 
from the point of view of commutation. 

Let Ф be the flux through a coil undergoing commutation. "This 
flux is a function of the time and of the angular position of the coil 
relatively to its original position with respect to the stator. Thus 
Ф =f (al). 


With the usual conventions— 


ode _ dl 29 da аә di 
dl di” Qa'df l dt 

I being the current in the coil considered, and L the total self- 

induction. 


e == 
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In accordance with my theory of commutation, in order that com- 
mutation may take place without sparking, it is necessary and sufficient 
that e should be less than «, « being determined experimentally. 

In practice L can generally be neglected owing to its small value 
at heavy loads. There thus remain two terms :— 


ES do 
ol 
The first term represents the product of the angular velocity and 
the angular rate of variation of the flux, and the second the product 
of the peripheral speed by the linear rate of variation of the flux :— 
09 


— 37) і.е. the static electromotive force . . . (2) 


v, i.c. the dynamic electromotive force . (1) 


At starting, the dynamic electromotive force is zero. The static 
electromotive force is zero with continuous current and the commuta- 
tion is perfect. With single-phase current the electromotive force is 
not zero, which results in the fundamental inferiority of the single- 


phase motor. When running, an electromotive force — чы y is pro- 
duced. If the self-induction is really negligible the designer should 
arrange that in continuous-current machines 


MES 


-— -— y < t. 


1 


\ 


If the self-induction is not zero it is necessary that 


that is to say, the flux swept out by the section undergoing com- 
mutation should be almost zero. This does not at all mean that 
the field should necessarily be almost zero along the two conductors 
of the section, which is only an important particular case, but that the 
two fields along the two conductors should be merely approximately 
equal in magnitude and directed both inwards or both outwards. 

In the case of continuous current the auxiliary pole allows this 
condition to be exactly realized. In the case of alternating current 
all the efforts of inventors have had for their object the compensa- 
tion of the static electromotive force by the dynamic electromotive 
force. When the motor is running, this compensation can only be 
obtained by creating a suitable local field, and will only be perfect at 
a certain speed. The condition that e « « will usually determine the 
current that has to bc passed through each section of the armature 
when starting, and consequentlv the surface of contact that the 
brushes must have. At the Marseilles Congress in 1908 I enunciated the 
following approximate law: For a given peripheral speed the surface 
of contact on the commutator is proportional to the frequency of the 
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current. But this law is only true if the condition e < e at the start 
is the condition limiting the magnitude of the flux. 

High peripheral speeds and resistance connections being admissible, 
the values of the armature current decrease and approach in value 
those employed in continuous current at a pressure of about боо volts. 
For example, the ratio may be only 3/2 or even less. 

But the brushes should be smaller and should only touch at the 
most three commutator bars ; and as these bars will measure four or five 
millimetres from axis to axis, we must cither increase the length of 
the commutator or increase the number of sets of brushes. 

Moreover, even with the use of resistance connections light spark- 
ing must be tolerated at the start so as to avoid the necessity of having 
very large brushes. We therefore conclude that of the two types of 
motor considered the continuous-current motor is the only one that can 
be expected to allow of brushes equivalent to those of asynchronous 
motors, and therefore has the same surface of contact with equal 
maximum pressures in the windings of the rotor. 


DISTRIBUTED COMPENSATING WINDING. 


The auxiliary pole provides an appropriate field in the neighbour- 
hood of the windings undergoing commutation, but that does not 
prevent the ampere-turns being compensated in all directions. 

A large number of ampere-turns causes the leakage flux which 
saturates certain paths to circulate in such a manner that perfect 
regulation can only be effected over a limited range of loads. To 
extend it over a larger range we are forced to decrease the disturbances 
due to the armature reaction, by reducing its effect compared with that 
due to the ampere-turns of the field. Stated in another way, we have 
to diminish the ampere-wires per centimetre embedded in the armature 
rim, or to increase the weight of copper on the field magnets. 

А distributed compensating winding would allow the amount of 
copper in the field windings and also in the auxiliary pole wind- 
ings to be considerably reduced or even to be dispensed with alto- 
gether. The mechanical strength of the stator would gain by this. 
The field coils would remain easily interchangeable, and the compen- 
sating winding would be very easily repaired, besides being easily kept 
cool. It istherefore very probable that this winding will be adopted. 

A few years ago many designers, especially those having a large 
experience in traction, affirmed dogmatically that the auxiliary pole 
was worthless for traction. It is true that every change in construction 
is a serious expense. 


THEORETICAL DESIGN OF A MOTOR. 


We start with a certain number of data drawn either from experience 
or from previous calculations, and these data are an engineer's stock-in- 
trade. We are given the pressure V between the terminals of the 
motor ; the angular velocity (determined most frequently by the gear) ; 
the mean induction in the air-gap ; the peripheral speed for normal 
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output ; the ampere-wires per centimetre; the ratio y of the polar 
arc to the polar pitch, е. the ratio of the angle subtended at 


the centre by the face of the pole, to the angle 25 2p being the 
number of poles; and lastly, the approximate efficiency. 

The motor is then designed approximately. Knowing the efficiency 
and the pressure, at once allows the current supplied by the motor to 
be ascertained ; the peripheral speed and the angular velocity give the 
diameter ; the choice of winding determines the current per section 
of the armature, or per conductor ; the number of ampere-wires deter- 
mines the number of conductors per centimetre, whence we obtain the 
flux Ф by the well-known formula for the electromotive force of a 
continuous-current dynamo; the ratio y gives the breadth of the 
pole at the circumference, and we immediately deduce from it the 
length of the armature, and by the Hopkinson coefficient the size of 
the field poles. 

This method of calculation is correct, whatever the pressure of the 
motor. We must remember, however, that it is useless to attempt 
to make high-tension continuous-current traction practicable at a 
pressure exceeding 750 volts unless the commutation is perfect. Arcs 
between the brushes would soon cause damage. To avoid this, 
when designing 600-volt motors we diminish the ampere-wires per 
centimetre of the armature, which will be necessary on account of the 
additional insulation required, and increase the number of slots. We 
also diminish the ratio of the polar arc to the polar step, so as to have 
a large neutral zone under the auxiliary pole. We also increase the 
pressure of the brushes on the commutator so as to guard against the 
current being broken due to jumping of the brushes. The insulation 
should naturally be increased, and mica should be largely used. 

There is no special technical difficulty, and it seems to me that 
the pressure of 1,200 volts per motor should easily be reached when 
multiple units are employed, and 1,500 volts when the motor is 
placed inside a locomotive. Unfortunately, at low powers it would 
often require two turns per section. Series winding would naturally 
be used. 

A locomotive of 2,000 h.p. at 3,000 volts could thus be constructed 
with two motors in series or motors having two commutators. The 
current required will then be approximately 500 amperes. 


WEIGHT OF THE MOTORS. 

Nowadays the capacity of a motor is limited rather by heating than 
by difficulties of commutation, and we have already seen that com- 
mutation, if it were necessary, could be still further improved by a 
distributed compensating winding. 

Further, the formula T = KI,, Ф, shows that the increase in the 
speed of rotation increases in proportion to the power available for 
the same current in the windings, since the torque remains constant. 
The losses in the iron, howcver, increase. 
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The use of aluminium seems very suitable for the rotors, 
and its greater electrical resistance can be largely compensated 
by the increase in the peripheral speed for the same centrifugal 
force. 

The improvement in the cutting of gears has been very great, and 
their wear is much less owing to the improvement of the surfaces in 
contact and of the materials used, notwithstanding very high peripheral 
speeds ; and we need not be afraid of using reduction gear,* which a 
few years ago could not have been thought of. I may instance the 
Citroén gear for the electric locomotives at Lótschberg. "Their work- 
ing is so perfect that the noise of the brushes on the commutator is 
alone audible. 

Since the capacity is limited by the heating, it is important to cool 
the motors by ventilation, as has been done for dynamos driven by 
steam turbines. 

The increase of peripheral speeds on the one hand, and of venti- 
lation on the other, will allow the weight of the motors to be reduced 
very appreciably, viz. by about 50 per cent. | 

I shall distinguish between enclosed motors, semi-enclosed motors, 
and locomotive motors. 


I. ENCLOSED MOTORS. 


This solution is recommended for muddy or dusty tracks, as, for 
example, for certain tramways. 

Motors are actually made in which there is practically no circula- 
tion of the air. The heat arising from losses in the rotor can only 
be dissipated by radiation, conduction, or convection. 

The quantity radiated is certainly very small (Stefams law). That 
which escapes by conduction has only two paths, the shaft and the 
bearings, and the air, which is an excellent insulator. The most im- 
portant method of cooling, then, is by convection. It is therefore 
necessary to have strong circulating currents of air. Moreover, the 
heat produced in the copper of the rotor windings is surrounded by 
a heat insulator, as electrical insulators are also heat insulators. But 
as the commutator is of bare copper, and the heat generated in the 
windings flows through the soldered parts towards it, it may with 
advantage be provided with vanes. The cost of this is nearly negli- 
gible ; and the reduction of the contact surface, if any, will be more 
than compensated by the improved cooling obtained, which, on the 
other hand, has an appreciable effect on the commutation. 

It is essential to increase the circulation of the air inside the rotor 
and between the laminations by means of the spider of the com- 
mutator, so as to carry away the heat produced in the carcase. A 
small fan placed at the end of the machine will easily produce this 
result. It has already been adopted in practice. 

The introduction of a number of small passages, however, must be 
avoided, as carbon or metal dust from the brushes may accumulate in 


* Cilroén, Cosmos, etc. 
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them. All the air passages should therefore be capable of being easily 
cleaned. 

Finally, on a railway track we might supply the carcases of the 
motors with ribs so as to increase the cooling surfaces (a method 
already used in three-phase work by De Kando). 


2. SEMI-ENCLOSED MOTORS. 


It may be taken for granted that the only reason why the air should not 
come in contact with the laminations is lest deposits of dust might cause 
short-circuits. It is easy to produce a current of air which will enter 
near the shaft through a bearing and pass through the centre of the 
commutator and the iron stampings of the rotor. 

I think that in the case of railway equipment the restriction 
whereby the air is prevented from passing through the motor and 
coming in contact with the windings is not altogether justified. It 
may indeed bc asked if it would not be an Карлова to blow a 
continuous current of air through the motor. 

To make use of auxiliary fans or a common system of water-cooling 
is not a justifiable solution, at least for motors placed under carriages, 
since each rotor can, with advantage and almost without complication, 
be made self-ventilating. The flexible tube often necessary between 
the fan and the motor is a complication. 


3. LOCOMOTIVE MOTORS. 


As a locomotive is a small central station there is obviously every 
facility for obtaining perfect ventilation. Let me put forward, how- 
ever, one final argument. What wẹ ask for high-tension continuous 
current has been partly realized for three-phase working. It must not 
be overlooked, indeed, that the main feature of three-phase traction is 
perhaps that it was investigated by Mr. de Kando. 


CONTROL. 


Methods of control have not beer the subject of any important 
technical inventions. It is generally carried out by contactors with 
the usual arrangements for multiple control, but a low pressure is used 
for the operating circuit. 

The Westinghouse Company naturally make use of their well- 
known electro-pneumatic control, and only require, therefore, a supply 
of electrical energy sufficient to operate the valves. In order to obtain 
the low pressure necessary for the control circuit, also sometimes for 
the lighting and for the compressed-air motors, a rotary transformer 
is employed. 

Some manufacturers (Brown Boveri, for lighting) use a rotary trans- 
former consisting of a motor and a generator. By means of a small 
series resistance and a series field winding the motor, which has 
two commutators and two armature windings in series, is started by 
merely closing a switch. The shunt winding of the motor is excited, 
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when the machine is running, by the generator of the set in order to 
avoid the use of a very small wire. The generator itself has a small 
winding in series with the motor so as to ensure the starting. Maore- 
оуег, {һе motor has а second small series winding in series with the 
dynamo in order that when the set is running the effect of the first 
series winding which has enabled the motor to start may be practically 
neutralized (see Fig. 1). 

Other firms (Thomson-Houston and Westinghouse) use a rotary 
transformer which they call a ‘“dynamoteur.’ This is a dynamo 
with two independent armature windings, each connected to a com- 
mutator. The brushes connect the two windings in series across 
the total pressure. The machine has a series field winding and also 
a resistance in the circuit, so that it can be started by merely closing 


ӘӘ 


b itt 


Fic. r.—Diagram of Connections of Brown-Boveri Lighting Set. 


D = generator. M = continuous-current motor with double winding and two commutators to 
reduce the pressure per commutator. 


a simple switch. When running, a shunt winding on the low-tension 
side limits the speed. 

The “ dynamoleur" can be automatically brought into use or 
stopped when the motor reaches or leaves a high-tension section of the 
line, since an auxiliary control circuit is provided for use at about 
600 volts (see Fig. 5). The Westinghouse Company use this machine 
to drive the compressors. 

Contactors, switches, reversers, disconnectors, etc., are of the same 
character as those used for ordinary continuous current, but more are 
required, and their insulation is, of course, more elaborate. The 
length of break used is greater, and in this respect the influence of 
the American method is particularly beneficial. 

There is also nothing to say in regard to the small controller. 
Messrs. Brown Boveri construct their controllers for use at high 
pressures, with a rapid break, large separators, and a “ blow-out.” 

The series-parallel method of regulating the speed is exclusively 
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employed if each motor is so constructed as to be able to withstand the 
total pressure. When each motor is designed for only half the total 
pressure (Westinghouse), series-parallel working is used with two groups 
of motors, each group consisting of two motors in series. 

Often if the motors used are merely 600- or 750-volt motors, with 
additional insulation, they can be connected in series in pairs at 1,200 
or 1,500 volts, and remain continuously in series. ‘The low-tension 
sections of the line being in the towns, the reduction of the speed on 
such sections causes no inconvenience. 

With the usual American practice of providing two motors, each 
for half the total pressure, and connecting them in series on the 
full pressure, it is to be feared that slipping may cause an undue 
pressure to come on one motor. Protective relays, which can easily 
be designed, have been proposed. Practice has shown, however, their 
uselessness, as they cannot withstand such abnormal rushes of current 
as are easily withstood by the motors themselves. A certain margin of 
speed, however, could still be obtained by shunting the'field magnets, or 
by.putting in series with each motor a variable number of inductive coils. 


BRAKING AND REGENERATION. 


Regenerative working can be obtained on gradients by exciting the 
field magnets of the motor by means of an auxiliary exciter forming part 
of a small independent motor-generator. 

Where starting and stopping are frequent, the energy dissipated in 
the resistances or lost as heat in the brakes may be considerable 
(metropolitan railway services) The single-phase system solves the 
starting difficulty by means of a variable-pressure static transformer, 
and the regeneration problem more or less perfectly in a similar way. 
But it is not essential that static apparatus should be used. It may be 
mentioned, moreover, in passing, that the static transformer is often 
accompanied by rotary fans. 

I shall endeavour to show that regulation at all speeds, and also 
braking, can be obtained under really quite simple conditions by 
making use of the increase of peripheral velocity and of the ventilation 
which this can be made to give. 

Apart from the normal losses in a motor there is at present no 
means, and probably no solution, allowing the speed to be varied 
without altering simultaneously the interior connections of the motor 
or the nature of the current which is supplied to it, that is to say, the 
frequency of this current. 

The commutator for continuous current by means of the constant 
recurrence of the conditions required for the torque, as well as for 
good commutation, in fact by the constant alteration of the connec- 
tions, provides by the change of pressure at the motor terminals a 
steady adjustment of the speed with slight slipping and small increase 
of losses. 

The simplest solution is to arrange one or more motor-generator 
sets (Ward Leonard) on the motor-cars. The drawback is that the 


496 GRATZMULLER: HIGH-TENSION (21st May, 


power supplied by the generator of the set is equal to the sum of the 
powers required by the motors. There would therefore be required 
three times the energy taken by the motors driving the wheels. 

I am well aware that the high-speed motor-generator could nowadays 
be made relatively light. 

An apparently simple solution is the use of boosters on one or more 
cars. If the voltage of the booster can be varied from — V to + V, 
V being the voltage of the line, any desired speed can obviously 
be obtained without wasteful losses of energy other than the normal 
losses of the set. During regeneration the only essential point is that 
the excitation of the motors should not be provided by putting them 
in series with the armatures. It may evidently be obtained, more or 
less directly, from the booster, or from an auxiliary exciter attached 
to the machine. Moreover, for the starting period it is desirable 
that the motors should retain their series characteristics. 

If one of the terminals of the booster is earthed, no point of the 
motors will be at a potential greater than + V. 

If merely varying the excitation of the booster will allow the 
whole of the control apparatus to be done away with, and the extra 
power taken by the dynamo is only equal to the total power of the 
driving motors, it follows that high peripheral speeds and artificial 
cooling make this solution the one to be adopted. 

I should not like to conclude without saying a word in regard to 
continuous-current traction on the series system. The control in this 
system would also be easy, but difficulties would arise with changing 
conditions. The attempt of Mr. Bourdel will perhaps not remain unpro- 
ductive, and some day a simultaneous solution may be found for 
“regulation” and the “block system.” 


SECURITY AND PROTECTION OF THE STAFF. 


I do not propose to consider the question of overhead lines, since it 
would be merely a repetition of what was said in connection with 
the single-phase system. Nevertheless, I should like to remark that 
the precautions taken must not be excessive. 

The time has passed when people were ignorant of the dangers of 
electricity. The fundamental rule in my opinion is to prevent accidental 
contact rather than contact through ignorance of the danger. 

The driver of an electric car or an electric locomotive should be 
placed in such a position that he cannot involuntarily become a victim. 
He should therefore be protected from any possibility of asphyxiation 
when a machine ts burning, or from electrocution due to inadvertently 
touching “live” apparatus. The use of low-pressure control easily 
allows the driver and his assistant to be placed in a protected cabin, 
and electric interlocking devices prevent them from getting into danger 
when the apparatus on the car is “ live.” It is, nevertheless, desirable 
that the driver should be able to attend to the working of the 
apparatus, and especially of the running machinery. 
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ExisTING INSTALLATIONS. 


I should like to mention very briefly the features of the apparatus 
supplied by the principal manufacturers. 

Compagnie Générale d’Electricité de Creil.—This company has the 
rights in France and its colonies of the Siemens-Schuckert system, and 
has contributed a great deal towards the development of high-tension 
continuous-current traction. In 1912 it had constructed, or had in 
course of construction, apparatus for 14 installations with motors work- 
ing at from 1,000 to 1,200 volts. As the case may be, it employs 
controllers connected directly to the main circuit, or high-pressure 


Pressure Motors — 
о : DTI EMQUE о 
сосе Number. еы ` | Conductor. 
Motor 
: Volts. Km. 
Maiziéres-Sainte Marie ..| 2,000 I2 160 I42 
Cologne-Bonn ... -— 1,000 42 130 442 
Bonn- -Siegburg-Kónigswinter I,000 24 85 23°4 
Kónigsee-Berchtesgaden- 
Landesgrenze | 1,000 22 75 19 
Frankfort- оп - Main Suburban 
Railway " 1,000 8 85 — 
Reppist. Coal Mines at An- 
halt I,000 4 65 65 
Salsburg-Landesgrenze 
eee 1,000 20 75 15°33 
Hohenstein-Oelsnitz ... 1,000 20 45 II 
Neustadt-Landau € ... | 1,000 20 45 23 
Pompéi-Salerno ..| 1,200 20 52 4'9 
Zartlesdorf- Lippnetschwebe 5 
(Austria) | 1,200 i 6 37 | 30 
Poprad-Csorbasee (Hungary)| 1,650 20 60 
Leiden-Katwijk Nordwijk 38 
(Holland) | 1,200 i: 80 32°5 
; ї 56 | 
Pachuca (Mexico)  ... ..| 1,000 4 40 28 


controllers for the contactors placed in the main circuit, or it makes use 
of a pressure-lowering device for the auxiliary circuit. 

I should like to mention that two important installations have been 
in service since 1906. 


I. At Maiziéres-Sainte-Marie three 55-ton * locomotives, each 
fitted with four motors grouped in pairs in series across 
2,000 volts. Each motor is of 160 h.p., and the weight of 
the trains is from 200 to 300 tons. 


* By ton “ metric ton” is meant throughout 


VoL. 61. 89 
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2. Between Cologne and Bonn, trains weighing about 110 tons, 
and consisting of two motor-cars, each fitted with two 130-h.p. 
motors. The maximum speed is 70 km. per hour, and the 
motors are constructed for a pressure of 1,000 volts. 


For reference I give on the preceding page a list of the installations 
which the Siemens.Schuckert Company has so far carried out (the 
pressure of the motors is from 1,000 to 1,200 volts). 

The installation of Bonn-Kónigswinter-Siegburg has been in opera- 
tion since September, 1911. The trains consist of two motor-cars with 
two bogies and a number of trailers also fitted with bogies. The 
maximum speed of the trains is 40 km. per hour. Each motor-car 
is fitted with two 85-h.p. motors at 1,000 volts, one motor being placed 
on each bogie. The multiple-unit control system with contactors is 
adopted. 

Series-parallel working is used, with one position for shunting the 
fields for series working and two positions for shunting in parallel 
working, i.e. a total of five working positions. The controllers are 
placed in the driver's cab, whilst the contactors are grouped under 
the carriage. 

Fig. 2 illustrates the system of connections for the car. The con- 
tactors are fed by current from the line, additional resistances being 
inserted when the car is used at a pressure of r,ooo volts. Within the 
town of Bonn the cars work at a pressure of 550 volts, and this lowering 
of the pressure maintains automatically the working speed at that 
authorized in the town. 

The insertion or cutting-out of circuit of additional resistances for 
the auxiliary services is performed by means of a change-over device. 
This apparatus serves equally well for changing the connections of 
the groups of lamps, which work at a pressure of r,ooo volts outside 
the town. 

The change-over device is maintained in its normal position, which 
is that corresponding with 1,000 volts, by a spring. When the train 
arrives on the section supplied at 550 volts the driver closes the 
switch H of the change-over coil U (see Fig. 2), and this moves the 
device against the spring into the position corresponding with 550 
volts, and the locking coils then come into action. On passing into 
the neutral section J, between those sections of the line which are 
supplied at 550 volts and those at 1,000 volts, the locking coil sets free 
the change-over apparatus G, which returns automatically under the 
action of the spring into the position corresponding with r,ooo volts, 
and an additional resistance is inserted in the control circuit of the 
contactors as well as in the circuit of the motor compressor. The 
magnet coils of the contactors as well as the windings of the motor 
compressor are insulated for a pressure of r,ooo volts. 

The controller of the auxiliary circuit placed in the driver's cab 
is supplied with a working drum S, and a reversing drum S, 
shown diagrammaticall in Fig. 2. The electromagnets of the 
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contactors not in use are short-circuited by the main drum; the 
strength of the control current remains sensibly the same because the 
number of contacts in series varies only very little and the additional 
resistance has an equalizing action. In addition there is very little 
sparking at the controller owing to the weak currents flowing. The 
electromagnets for working the current reverser are only energized 
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Fic. 2.—Diagram of Connections of the Motors on the Bonn-Siegburg 
Cars. 


momentarily when the reversing drum is in operation. The spark 
produced is rendered barmless by using several air-gaps in series. 
The handle of the driver's controller is fitted with a safety arrange- 
ment, and the driver has to use force to close and break the control 
circuit of the contactor. If for any reason whatever he removes his 
hand from the controller whilst the car is running, the push device 
rises under the action of a spring and breaks the control circuit of the 
contactors. It is not sufficient to apply force again in order to close 
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the control circuit, but on account of the relay S, the handle must be 
brought to its “off” position to restart. 

The motors have commutating poles and are constructed to with- 
stand with absolute safety a working pressure of from 1,000 to 1,200 
volts. 

Sociélé Anonyme Weslinghouse.—Like the Italian Westinghouse Com- 
pany this is a branch of the Westinghouse Electric Manufacturing 
Compauy of Pittsburg, and it supplies apparatus for single-phase and 
three-phase traction. Nevertheless, the company has decided that it 
would be inadvisable to neglect high-tension continuous-current trac- 
tion, and a number of high-tension continuous-current installations 
(and in particular several locomotives) have been installed in America. 


Overhead fine. 
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Ес. 3. FIG. 4. 


Two motors are always connected in series across 1,200 to 1,500 
volts, so that each motor is subjected to only half that pressure, 
i.e. 600-750 volts. 

Naturally the well-known electromagnetic system of control in- 
vented by this company is used. The auxiliary control circuit for the 
electro-pneumatic valves of the contactors, and also the electric light- 
ing, are supplied at low pressure from a “dynamoteur,” which presents 
certain peculiar features. The “dynamoteur” also works the compressor 
by means of an automatic device controlled by the compressed air. 
When thc pressure decreases, an opposing spring produces the neces- 
sary contact pressure for bringing the compressor into action. The 
* dynamolcur" sometimes supplies the fans for cooling the motors by 
forced draught. А simple diagram of connections of the compressor 
is given in Fig. 3, whilst Fig. 4 shows the scheme for changing over 
when passing from low to high pressure, or vice versa. The shifting of 
the regulator is still produced by compressed air by valves controlled 
magnetically by the pressure of the system. Assuming that the motor 
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connections are not altered, the speed of the car will be reduced on 
the low-pressure sections of the line. 

The details of one of the 15 locomotives of the Southern Pacific 
Railway are as follows :— 


Baldwin-Westinghouse 600-1,200 volts Continuous-current Electric 
Locomotive for the Southern Pacific Railway. 


(Each locomotive has to haul a train weighing 270 tons on an 
incline of 4 per cent.) 


Track.. us T $56 Em ..  I'44 metres 
Diameter of the wheels a ae E e. 09025 p 
Rigid wheel-base of each bogie .. Te ne 28 p 
Total wheel-base  ... 5 uy. "5 Y 
Distance from axis to axis of the Danos aw — B3B 
Total weight se Tn 0 (is Ses 54 tons 
Electrical equipment x бей d 35 20 ,, 
Mechanical сол T vid m is 3S4 3 
Number of motors .. ius gis — jus 4 
Forced ventilation .. whe dos — 
Capacity of each motor at one- hout rating ee 250 h.p. 
Continuous tractive effort when working with 

forced ventilation ... .. 5,000 kg. 
Tractive effort for опе hour with forced ventila- 

tion ... T -— bis ... 9,900 kg. 
Maximum tractive effort . or .. 13,500 ,, 
Speed at one-hour rating i in i kilometres: per hour 272 
Maximum speed in kilometres per hour . ... 60 


Compagnie Française Thomson-Houslon.—The ‘Thomson-Houston 
Company and the General Electric Company of America have 
specially developed high-tension continuous-current traction. In 
America the General Electric Company claims that this system is as 
good as single-phase traction for locomotives of high power. The 
company has евге investigated the use of pressures of 2,400 
volts. 

Four installations in Italy designed for r,200 volts and motors of 
45 h.p., and, 17 in America with motors of from 5o to 300 h.p., may be 
mentioned. The length of single track varies from 12 to 234 kilometres. 
About two-thirds of the installations are more than 5o kilometres 
long. 

ГА the majority of cases the motors are coupled in pairs in 
series across 1,200 volts, the pressure per motor thus being 600 volts. 
The energy for traction on low-pressure circuits under 1.200 volts is 
supplied by a “dynamoteur.’ The following аге the details of an 
arrangement frequently employed. 
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Running at 1,200 Volts.—The current on arriving (see Fig. 5) at the 
contactor cannot pass along the wire A, as the circuit is opened auto- 
matically by means of the switch S, but it passes through the coil and 
the resistance and from there to the earth G. The plunger is then 
attracted, makes the contact, breaks the circuit along the wire A, 
and closes that of the “dynamoteur.” Thus current at a pressure of 


G 


Fixed resistance 
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FIG. 5. 


боо volts flows along the wire B to the switch and thence by the wire 
C to supply the various circuits (control, compressor, lighting, heating). 

Running at боо 1011. — Тһе train coming from a section supplied at 
1,200 volts first runs on to a neutral section and passes across this under 
its own momentum. The contactor not being energized, its plunger 
falls back, and this has the effect of breaking the circuit of the 
“dynamoteur” and re-establishing the circuit of the wire A. 

In order that working at 600 volts may now become possible the 
driver has to put the switch into the 600-volt position. It is held in 
that position by means of a retaining coil which forms part of the 
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LIST OF INSTALLATIONS CARRIED OUT WITH THE GENERAL ELECTRIC 
COMPANY'S APPARATUS. 


No. of 
Name of Line. “Sige QE f Moiors ie Line Pressure. 
In Italy. 

B | T | d Km. | 8 | Volts. 
rescia - Toscolano ап | 2 45 
Brescia-Stocchetta | 245 | | IO 4 45 | 1298 

M -Meda-Cant Eon i " " 37 ,200 
onza a-Canto 27 | 3 4 45 | I 

Verona-San Bonifacio  ... 2225 | | : | 12 1,200 

Turin-Rivoli — .. —.. GE UH n 
urin- Rivoli Ir7 |! Р 4 77 1,200 
у 2 2 

Pisa-Marina $ed isi I3 | | Р 4 - | 1,200 

In the United States. 

Central California  Trac- | 
tion Company ... 14 4 75 | ~~ 1,200 

Indianapolis and Louisville | 
Traction Company ЕР I3 4 75 | 600-1,200 

Pittsburg, Harmony,Butler, 
and Newcastle ... | I2I 22 4 75 | 600-1,200 

Southern Pacific Riy. (Oak- 
land Division) . 155 65 4 125 1,200 

Aroostock Valley Rly. 24 | : | 3 1,200 

Shore Line Elec. Rly. Be i 5° || 600-1,200 

Southern Cambria State Rly. | 38 6 4 75 | 600-1,200 

Washington, ^ Baltimore, 3 4 125 | а 
and Annapolis -— 143 | 40 4 75 Oe ш 

Milwaukee Light, Heat, I5 4 75 
and Traction Company | 20d i 15 4 125 | 00071269 

Davenport and Muscatine 
Rly. Company ... 48 7 4 50 | 600-1,200 

Fort Dodge, Des Moines 2 I2 4 75  600-1,200 
and Southern Rly. ate 234 9 4 |100-200 1,200 

Nashville-Gallatin Rly. ... 37 4 4 75 1,200 

Oakland and Antioch Rly. 56 3 4 75 | 600-1,200 

Oregon, Elec. Rly. Com- 

any 225 38 4 75 | 600-1;200 

Kansas City, Clay Company, 
and St. Joseph Rly... 112 25 4 IOO 1,500 

Buste, Anaconda, and Paci- 
fic Rly. Company és 121 17 4 300 2,400 

South-Western Traction + 
and Power Company ... 20 2 4 50 I,200 
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apparatus and which is connected in series with a resistance across 
the line pressure of 600 volts. Current flows along the wire A to the 
switch S, parts then. being shunted through the retaining coil and 
the other part through the wire C, and from there to the various 
circuits. When the train comes again to a neutral section, the switch 
по longer being maintained by its coil in the 600-volt position, resumes 
the 1,200-volt position of its own accord. 

The driver thus has only to operate this switch on passing from 
a 1,200-volt section to one at 600 volts, and has not to touch it on 
passing from 600 volts to 1,200 volts. 

Other Arrangements for Safety —When cars equipped for 1,200 volts 
run on lines at 600 volts it is generally sufficient to run them at half- 
speed. In special cases when the equipment is arranged to give the 
same speed at 600 volts as at 1,200 volts, it is sometimes necessary to 
modify the connections of the motor and the starting resistances when 
passing from one line to another. This can be done by means of a 
special change-over device arranged so that it will always be impossible 
to start when this device is not in its proper position. In working at 
1,200 volts the motors are generally grouped in pairs in series, and 
the resistances are all connected in series; whilst at боо volts the 
motors are groupcd in parallel pairs, and the resistances are con- 
nected in parallel so that their value represents only one-fourth 
what it was at 1,200 volts. The Indianapolis and Louisville line is the 
only one in which the equipment is of this type. 

The locomotives of the General Electric Company have generally 
two bogies. The articulated type has, however, been tried. Enclosed 
motors are always used, sometimes with forced ventilation. 

Finally, the Compagnie Francaise Thomson-Houston, who first 
took up the single-phase system with a locomotive of 1,200 h.p., are now 
making high-tension continuous-current locomotives, of which the 
motors are connected in series in pairs across a total pressure of 2,400 
volts ; no doubt the company has benefited from the experience of 
the General Electric Company. I refer to the extension of the 
Saint-Georges-de-Commiens line from La Mure to Gap. The existing 
line is on the three-wire system at 1,200 volts. In the new section 
the outer wires of the three-wire system are at + 1,200 volts and 
— 1,200 volts. The groups of motors (in pairs in series) are connected 
between these two. wires, and the equipment has no earth connection. 
In the case of a motor slipping, the pressure at its terminals can then 
exceed 1,200 volts. The auxiliary control circuit is at 120 volts. The 
braking on the inclines is rheostatic. The first experimental car has 
proved a success. 

Compagnie Électromécanique.—This firm makes Alioth and Brown- 
Boveriapparatus. The latter company has carried out various installa- 
tions, and in particular it has made controllers for use at high pressures. 
In the line from Biasca to Acquarosa the controller is supplied with large 
separators for interrupting any arc, and hasa rapid break and magnetic 
“blow-out.” It is placed in a central cab, and is controlled from the 
platforms at the ends of the car by means of gear-wheel transmission. 
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The lighting is provided from the motor-generator described pre- 
viously and shown diagrammatically in Fig. r. 

As regards the sub-stations, Messrs. Brown Boveri transform the 
three-phase current into continuous current by an induction motor 
and a dynamo, 


CONCLUSION. 


The title high-tension continuous-current traction is not very 
happy. It implies an entirely new type of apparatus. As a matter 
of fact it only marks steady development ; from 500 volts we passed to 
600 volts, and then to 750 volts. The trains from Villefranche to 
Bourg-Madame use current at 850 volts. Certain sections of the 
Buda-Pesth system are now run at 1,000 volts, and to-day the 
system is applied to locomotives at 2,400 volts, and even 5,000 volts is 
talked of. This progress has been justified by improvement in the 
commutation of the. motors, due principally to the use of auxiliary 
poles and to recent methods of insulation by means of mica and 
impregnation. Тһе cost of transmitting the energy must not be 
overlooked, in view of the weight of copper required for thc lines and 
the cost of sub-stations. In order to make a comparison with 
other mcthods of traction, viz. single-phase and three-phase, the length 
of the line and the intensity of the traffic should be taken as inde- 
pendent variables, but this would lead to the comparison of estimates, 
a subject unsuited for discussion here. It may be mentioned, how- 
ever, that heavy traffic is a favourable factor for high-tension con- 
tinuous-current traction. 

The advantages of continuous current are principally the large 
starting torque, the quality of the commutation (which is shown by the 
small wear of the commutator and the brushes), and the light coaches. 
On the other hand, there are the drawbacks of the use of an exposed 
high-tension rotating part—particularly dangerous in damp localities— 
the use of a commutator, and the control of the large currents 
necessary when a large amount of power is required. 

Some companics (Ganz and Brown Boveri) after having used the 
three-phase system have thought it advisable to develop single-phase 
apparatus (Brown Boveri), or high-tension continuous - current 
apparatus (Ganz, and Brown Boveri). 

The Westinghouse Company, which started with single-phase- 
traction, is constructing high-tension continuous-current apparatus, 
whilst the Siemens-Schuckert Company are developing single-phase 
and continuous-current apparatus. 

It is likely that these three systems of electric traction, viz. 
continuous current at high pressure, single-phase, and three-phase, 
will all find fields of application. 

What is certain is that all traction, whether on a large cr 
small scale, is tending undoubtedly and rapidly towards electrical 
working, the weight ot the apparatus and the cost of the lines being 
capable of further marked diminution. 
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SINGLE-PHASE TRACTION. 


By Marius LATOUR. 


(Paper read in Paris at a Foint Mecting of THE INSTITUTION with the Société 
Internationale des Electriciens, 21st-24th May, 1913.) 


In the first place the author proposes to make a few general 
remarks in regard to the mechanical construction of single-phase 
locomotives and the erection of overhead conductors. Some cognate 
questions will then be discussed, such as the very important subject of 
the disturbance caused to telephone and tclegraph lines. 


MECHANICAL CONSIDERATIONS. 


There are some general mechanical considerations which have no 
special relation to single-phase traction. Inall cases there is the alterna- 
tive of a crank or a direct drive. Opinions on this point are still 
divided. As regards the crank drive, some adopt dummy axles 
(Thomson-Houston) and others do not (Westinghouse and Oerlikon). 
Using cranks, the motors may or may not drive through gearing 
without the normal working being thereby altered to any extent. 

A point to which attention must be drawn in the case of single- 
phase traction is the advantage obtained by using springs. 

The torque being oscillatory, the objection has been raised that 
the whole weight of the locomotive is therefore not fully available 
for traction, and that there will also be dangerous vibrations. As a 
matter of fact, this criticism does not seem to be entirely justifiable. 
In any case the use of springs is a complete safeguard against this. 
With springs dangerous resonance effects such as arise at certain 
speeds with mechanical transmission can be avoided, in so far as they 
arise from fluctuations in the torque. 

Equipments with springs exhibit, moreover, a somewhat curious 
property which I shall mention here. 

In this respect it can be said that the motor does not rotate at a 
constant speed throughout a whole cycle, but has an oscillatory move- 
ment in addition to its mean speed of rotation. It is by paying 
attention only to this oscillatory movement that it will be seen to be 
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liable to produce a lcading wattless electromotive force in the arma- 
ture. This phenomenon has not been utilized in locomotives up to 
the present time, and will not have a promising future. 


OVERHEAD CONDUCTORS. 


The overhead conductors have generally a catenary suspension. In 
the case of the catenary suspension the conductor is suspended from 
one or more overhead wires by means of hangers, of which the ends grip 
the upper half of the conductor, which is in the form of the figure 8. 
The object of this method of suspension is to ensure that the con- 
ductors shall be horizontal. 

Where there is only one supporting wire there is a simple catenary 
suspension. Where two supporting wires are used, and the second is 
supported by the first, it is called a double catenary. When two 
supporting wires are used for suspending the conductor we have the 
triangular catenary suspension. This last has been set aside because 
it is too rigid. The double catenary suspension has greater flexibility, 
but it is also more expensive, and it is found that when the speed does 
not exceed 80 km. per hour the simple catenary suspension is adequate. 

In order to avoid the effect of changes in the length of the cables 
due to temperature variations, and the variable sag which results there- 
from, balance weights or springs are often utilized, but this arrange- 
ment is not always considered advantageous. 

Passage through tunnels and over level crossings requires adjust- 
ments in the height of the conductor, and such adjustments would 
otherwise appear to be essential. Asit is easily adaptable in this respect, 
provided that adjustments are made on a sufficiently low gradient, 
variations in the sag resulting from the diurnal temperature changes 
will not influence appreciably the proper working of the line. The use 
of balance weights or springs increases the cost of the line, and their 
value is somewhat uncertain when the track has many curves. 

It is desirable to avoid hard points in the line ; and, similarly, heavy 
rolling stock should not be used lest the pantograph after being 
quickly depressed should break contact with the conductor owing to 
the shock. Care should be taken that the conductor is not made too 
heavy or too light. In the latter case the pantograph can raise the 
conductor, and if the suspension yields the pantograph may cause 
trouble. The type of pantograph to be adopted depends upon the 
kind of conductor. The more rigid the line the more flexible the 
collector must be, and vice versa. | 

Another important question arises in regard to the conductors, 
and that is their insulation. In the case of a scheme for working 
jointly by steam and electricity, care must be taken to use double 
insulation in tunnels and under bridges, since a good conducting 
` carboniferous deposit liable to cause leakage may be formed. 

The spacing of the standards being fixed at roo metres, the Com- 
pagnie du Midi insisted on the use of “ anti-oscillating " standards in 
the middle of each span. In view of the appreciable increase of cost 
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due to these precautions, it may be convenient to adopt a smaller 
spacing. That which appears to be most suitable is one of from 60 
to 70 metres. i 

As regards the construction of the standards, it is proposed to 
use reinforced concrete posts as well as metal posts. Reinforced 
concrete posts have the advantage of a very long life, but they have 
the drawback of being heavy, and their total mass renders them 
cumbrous. Metal posts have the advantage that they can be built 
up of two parts, and, generally speaking, they are cheaper. 

The above considerations lead to the conclusion that the line 
should be made as simple as possible. 


MOTORS. 


The tests carried out by the Compagnie du Midi have been very 
interesting, because every type of motor has been tried. Perhaps a 
definite outcome will result from the tests which are proceeding in 
various countries, and possibly single-phase traction, with all the facts 
before us, will finally be appreciated equally by its advocates as well 
as by its opponents. 

Reference will now be made to the various types of motor which 
have been supplied to the Compagnie du Midi, and to the various speed- 
regulating devices of these motors. А few general observations will 
first be made. 

The motors experimented with, excluding the well-known Westing- 
house series type, have been : (1) the simple repulsion motor (Brown 
Boveri) and the compensated repulsion motor (A.E.G.); (2) the 
series motor with a transverse local field for compensating the electro- 
motive force of short-circuit under the brushes (Jeumont), and the series 
motor with an elliptical field (French Thomson-Houston Company). 


REPULSION MOTORS. 


The simple repulsion motor is shown in Fig. 1. As the present 
author has shown,* there is found in the repulsion motor, due to the 
current produced in the short-circuited coil by its rotation, a trans- 
verse field which interacts with the main field so as to give a synchro- 
nously rotating field, thus ensuring satisfactory commutation at that 
speed. 

This simple observation, which previous authors (Steinmetz and 
others) have overlooked, has settled the future of repulsion motors. 

At speeds above synchronism, however, the transverse field increases 
in strength, the commutation becomes unsatisfactory, the iron losses 
increase, and at speeds above ,/2 times synchronous speed the com- 


mutation of the repulsion motor becomes worse than that of the series 
motor. 


I have given the name compensated repulsion motor to the 


* Elektrotechnische Zeitschrift, vol. 24, p. 453, 1903. 
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motor * shown in Fig. 2. This motor has the essential characteristics 
of an ordinary repulsion motor. It has, moreover, the advantage of 
working at approximately unity power factor, due to the property of 
commutator armatures with short-circuited brushes having no induct- 
ance at synchronous speed and negative inductance above that speed.1 


Ф 


FIG. I. FIG. 2. 


N 


SERIES MOTORS. 


The arrangement in a series motor with an artificial transverse field 
which neutralizes the electromotive force of short-circuit as happens 
naturally in repulsion motors at synchronism, was first described in the 
German Patent No. 162781 of the Maschinenfabrik Oerlikon, March, 
1904, and in the author's Austrian Patent No. 235502 of April, 1904 
(French Patents: Latour, No. 342571 ; Oerlikon, No. 354449). © 

A series motor of the type described in this last patent is shown in 
Fig. 3.1 The winding F can be connected in shunt to the terminals 
of the motor. If it is assumed that the compensation in the motor is 
provided so as to ensure perfect commutation with continuous current, 
it is clear that the winding F should carry a current 9o degrees out of 
phase with the main current. But the winding F can be allowed to 
assist compensation, and in this case such winding, in addition to the 
current which is go degrees out of phase, will carry a current in phase 
with the main current. If, on the other hand, over-compensation 
takes place with the winding C, the winding F will carry a current 
opposed to the main current. 

I have given the name elliptical field motor to the motor arranged 
as shown in Fig. 4.5 

In the arrangement shown in Fig. 4 a short.circuit is estab- 
lished between the point a of the exciting winding, which can be 
extended for this purpose,|| and the point 5 of the transtormer supply- 
ing the motor. Apart from the ordinary compensation, which would 


* French Patent No. 329058 of January, 1903 ; Supplementary Patent No. 1827. 
T Industrie Electrique, vol. 11, p. 197, 1902. 
t In accordance with my Patent No. 342571, the winding F could be distributed 
round the surface of the stator. 

§ Elektrotechnische Zeitschrift, vol. 27, p. 89, 1906, French Patent No. 355687 ; 
American Patent No. 841257; German Patent No. 218086. 


|| Supplementary Patent No. 9881 to French Patent No. 355887. 
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give good commutation in the case of continuous current, a local 
strengthening of the field can be provided, as is shown in Fig. 4 ;* 
it follows that the point a should not be so far removed from the rotor. 
I have already published ł a detailed theory of this motor. Atten- 
tion has since been called to somewhat similar carlier arrangements of 
this nature, but it will be clearly seen that no one previous to the 
author had either understood or indicated precisely the correct condi- 
tions for securing perfect commutation. 


Fic. 3. FIG. 4. 


Having reviewed these four types of motors, it is now proposed to 
make a systematic comparison between them. 


CONTACT SURFACE. 


By contact surface we mean the contact area of the brushes on the 
commutator. The reduction in the contact surface is the important 
feature in alternating-current machines provided with a commutator. 
In this connection I may refer to my previous papers on this subject. 

If the starting torque with satisfactory commutation is represented 
by T, and « represents the maximum angular velocity when the motor 
is running, I have already suggested in the Electrical World $ that 


the following product— 
Tw =P 


should be taken as one of the essential characteristics of the power of 


the motor. 
Thus, if— 


f = frequency of the supply current, 

{= peripheral speed of the commutator at angular velocity w, 
а = width of the brushes, 

у == pressure between the two edges of the brush, 


and— 
I = current in the commutator, 


* Supplementary Patent No. 8522to Patent No. 355687. 

{ Elektrotechnische Zeitschrift, vol. 27, p. 89, 1900. 

+ Eclairage Electrique, vol. 41, p. 256, 1904 ; vol. 42, p. 5, 1905 ; vol 43, p. 125, 1905. 
Also Electrical World, vol. 44, p. 930, 1904 ; vol. 45, p. 97, 1905. 

$ Electrical World, vol. 44, p. 930, 1904. 


512 LATOUR: SINGLE-PHASE TRACTION. [21st May, 


I have already proved that whatever the type of motor and the 
number of its poles, or whatever form of winding is adopted, in every 
case we have the relation— 


[=з ^P 4. osos (1) 


For a given power P, if f, a, and v are given, it is only possible to 
reduce I, that is to say the surface of contact, by increasing the 
peripheral velocity /. 

When / has been chosen, the product » I may be taken as constant, 
and if we suppose the contact resistance of the brushes to be constant 
in these circumstances, it is easily shown that the losses on the com- 
mutator are a minimum when the losses due to the current are equal 
to the losses due to the short-circuit currents. If we denote by & the 
ohmic drop under the brushes due to the current J, this is exactly what 
occurs when the pressure between the segments is such that e = 2:45 k 
when the brushes cover only one segment, and such that е==1°55Ё 
when the brushes cover two segments of the commutator. 

In this connection it should be remembered that the losses due to 
the short-circuit currents under the brushes are all the smaller, for a 
pressure » between the edges of the brushes, when this pressure is 
divided up among a large number of segments. With an infinite 
number of segments the losses would be reduced to half those for 
a commutator having only one segment. Апа with two segments they 
are already reduced to gths. 

Let us assume that the working conditions are so arranged that 
there is a minimum loss at starting, and let q stand for the quantity 
of heat set free per square centimetre of contact surface on the commu- 
tator, a quantity which defines exactly the character of the commuta- 
tion. I have then shown that in the case where the brushes cover 
one segment the total surface of contact is given by— 


_ 2m af 
Е ee eee 


The total quantity of heat liberated on the commutator is given by— 


= a 
Q Dd JVs e і e e . e e e е е 2 (3) 
The following relations hold when the brushes cover two segments— 
2T af 
S Zu [EN P ° ° . е . e ° . 
ma tg (2a) 
2nr af 
= ТШ e ~ P е е . LJ е е e . 
=A (за) 


It should be noticed that these expressions take no account of the 
nature of the brushes. To ensure a minimum loss the nature of the 
brushes should be chosen according to the pressure » between their 
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extreme edges. We shall then have either brushes of high conduc- 
tivity with a low value of v and a high value of I, or brushes of a high 
resistance with a high value of » and a low value of I. It follows, 
therefore, that the desire to employ a low external current will lead to 
the choice of brushes of high resistance adapted for use where » is 
high and I is low. 

All the above formulz show the decided advantage of a high 
peripheral speed for the commutator. To obtain these high peripheral 
speeds high-specd motors should be used. But high speed requires 
the introduction of gearing. This is the feature of the Jeumont and 
Westinghouse locomotives, as well as of the Oerlikon locomotive at 
Lotschberg. Gearing appears to give entire satisfaction from the 
mechanical point of view. 

It is well, however, to notice that a reduction in the area of the 
contact surface, S, if it involves a corresponding reduction in the 
electrical losses on the commutator, does not result in a corresponding 
reduction of the mechanical losses. With constant pressure on the 
brushes the latter losses are independent of the permissible peripheral 
speed.* 

From this point of view, theoretical working would consist in 
running at all speeds at the maximum flux which gives the short- 
circuit pressure », whilst making it possible to lift those brushes which 
have become unnecessary owing to the reduction in the current. I had 
already proposed this previously. 

It should be noted here that high speed is not in principle incom- 
patible with any type of repulsion or series motor. But it so happens 
that in the case of the repulsion motor, where the number of poles 
is determined by the number of conductors, a frequency of 15 leads to 
a motor with a small number of poles. 

Let us next consider the various disadvantages which arise from the 
above conditions. 

I. It would seem to be difficult to obtain a pressure between the 
segments low enough for large powers, but the arrangement of having 
two short-circuits has been suggested (see Fig. 5), in which the brushes 
would be placed in a position where the pressure between the segments 
is still lower ; and I have also suggested the use of independent оусг- 
lapping windings, and especially the arrangement of two overlapping 
windings with two commutators.+ 

2. If there is any doubt as to whether it is possible to arrange for a 
sufficient number of sets of brushes to carry the current, my arrange- 
ment of multiple brushes (see Fig. 6) would remove this difficulty. 

3. Trouble may arise due to lateral lack of room, but recourse may 
be had to short-pitch flat connections, as has already been ѕееп.{ 

4. At the same time, it may be fcared that it will be impossible 
exactly to compensate what certain authors term “ reactance pressure," 


* Electrical World, vol. 44, p. 930, 1904. 
t French Patent No. 340343 of February. 1904. 
+ Eclairage Electrique, vol. 45, p. 125, 1905. 


VoL. 61. 
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but this may be provided for by suitable windings on the stator and 
rotor. In this connection it should be noticed that the bad com- 
mutation of repulsion motors is often wrongly attributed to over- 
synchronism. Faulty compensation is alone responsible in such cases. 
From this it should not be imagined that the repulsion motor cannot 
be constructed for the same speed variation as the series motor. It 
should, however, be observed that for a given power a certain pressure 
between the segments at starting is more dangerous when the machine 
has fewer poles. This depends on the fact that the impedance of the 
short-circuited sections—which is due to leakage and to the resistance 
of the windings, and which has an influence in limiting the short-circuit 
current—is relatively much greater as the power per pole is smaller. 


WEIGHT. 


The inferiority of the repulsion type of motor at a frequency of 15 
appears to lie in its weight, and indirectly in its lower efficiency. In 


FIG. 5. Fic. 6. 


consequence of the smaller number of poles, the repulsion motor re- 
quires a greater amount of iron ; a larger external diameter is neces- 
sary, or, on the other hand, for a given external diameter a smaller bore 
has to be used, thus leading toa less advantageous utilization of the 
material. 

I have already shown * that whatever may be the frequency the 
efficiency of the repulsion motor remains in principle identical with 
that of a single-phase alternator of the same frequency, whilst the effi- 
ciency of a series motor tends at lower frequencies towards that of 
a continuous-current machine. The difference in efficiency between 
the two types of motor is thus appreciable at a frequency of 15. 


COMMUTATION AT VARIABLE SPEED. 


The transverse field which is go degrees out of phase, and is re- 
quired to neutralize the short-circuit electromotive force, varies directly 
as the current and inversely asthe speed. Assuming that the excitation 
is provided by constant current the resultant field of commutation iS 
a function of the speed, as represented by the hyperbola in Fig. 7. 

All the types of motors to which we have referred above, even 
the serics motor of which the auxiliary pole is in shunt with the 
terminals, possess, so long as their circuits are not modified, a transverse 


* Bulletin de la Société Internationale des Electriciens, vol. 7, p. 81, 1907. 
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field go degrees out of phase which at constant current increases linearly, 
as is shown by the line in Fig 7. Accordingly, the electromotive force 
» of short-circuit can only be neutralized satisfactorily for a certain 
speed w. The resulting pressure which appears in the short-circuit at 


speed w, is proportional to » (: — 2. 
w 


It is therefore quite natural to think of adjusting the transverse field 
according to the speed. In the repulsion types of motor it is possible 
to screen locally the transverse flux at speeds above synchronism.* In 
series motors the supply in the coil F of Fig. 3 can bc adjusted, or 
the connection shown as a b in Fig. 4 may be moved. 

These adjustments can be carried out by a centrifugal governor, 
or by an electrodynamical speed device.] Complications, however, 
arise in this respect. 

It should be noticed that the presence of true commutating poles in 
repulsion motors detracts from the simplicity of their construction and 


FiG. 7. FiG. 8. 


connections as compared with the series motor. If simple arrangc- 
ments could be fitted so as to ensure a transverse field suitable for all 
speeds and for cffecting satisfactory commutation, such arrangements 
would then be preferable. It is from this point of view that we shall 
study the current in the winding F of Fig. 3 connected across the ter- 
minals of a resistance r through which the principal current of the 
motor flows (sec Fig. 8). 

It is seen at once that with this arrangement the transverse field will 
be proportional only to the current, and will be independent of the 
speed. It is represented by the horizontal linc III in Fig. 7. The 
pressure in the short-circuited coil, which will appear this time at a 
speed w, differing from the speed w for which there is perfect 


neutralization of all clectromotive force, will be » (: —“) instead of 
w 


w,? 
» т— w? . 
* Leblanc, Lehmann, Eichberg. 


t Supplementary Patent No. 8684 to the author's French Patent No. 355687 
$ see the author's German Patent No. 240453 
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In other words, with variable speed the commutation of a poly- 
phase series motor is substituted for that of a repulsion motor. 

The arrangement with the resistance is therefore of greatest 
interest, and we now have to determine what energy is dissipated in 
the resistance. 

Let us suppose that we have a winding F of n turns, and that by 
means of a suitable series transformer we could always supply it with 
a current I, say. The winding F not only encloses the flux which is 
90 degrees out of phase and which should neutralize the pressure », but 
it also encloses the opposing flux the object of which is to ensure 
good commutation with continuous currents. This opposing flux can 
be produced either wholly by the compensating winding C or wholly 
by the winding F, if the compensation only neutralizes the rotor field 


FiG. 9. Ес. Іо. 


in the stator in the same manner as a short-circuited winding. It can 
be finally produced in part by the winding F. 

Whatever method be used, howcver, as soon as the number of 
turns л is determined, the pressure at the terminals of the winding F 
will be constant whatcver the function of F may be. 

As a first approximation we shall neglect the resistance of thc 
winding F. 

Let us take as our standard of reference the phase of the current I, 
which is that of the main field of the motor. The resultant flux 4, 
enclosed by the winding F, is, for a given motor, determined in 
magnitude and phase. The electromotive force induced by the flux 
$ at the terminals of F has a direction perpendicular to that of 4. 
The current I, which circulates in the resistance has a direction 
opposed to this pressure. The current circulating in the winding F is 
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at first the current J,, capable of producing a transverse field which is 
90 degrees out of phase, and afterwards a current J, in phase with I, 
which has a variable value depending on the amount of compensation 
provided by the winding F. The resultant of J, and J, is I. We 
know that the resultant of I, and І, i.c. I, must be in phase with І; 
from this fact I, may be determined, if I, is known, by drawing a line 
parallel to O V from the point 1, 

It is seen from Fig.9 that, whatever may be thc value of the current 
Ј. іп phase with the current I which circulates in the winding F, the point 
1, remains on a line parallel to OI, and that consequently the current 
I, remains constant as wellas V. The losses in the resistance, equal to 
V I,, accordingly remain constant, whatever adjustment may be made. 
The adjustment of J, has simply the effect of varying the value of the 
current I, which we require according to the number of turns n selected 
for the winding F. J; can be chosen in such a way that I, is equal to I. 

As the losses are independent of the value of Ja, we can consider the 
special case where the winding F only carries the current 9o degrees 
out of phase with reference to I (see Fig. ro). 

I propose to consider the losses in this case. 

Let R be the reluctance of the magnetic circuit of the winding F and 
0 be the angle I O 9, then— 

МУ=2тп/Фф, 
_ R 


ho, ышы; 


| = Ji = R. ® tan Ө. 
cos0 4тл 
Therefore the losses — 
=V х |, = Rje tan Ө. 
The flux is the resultant of two fields go degrees out of phase, i.e. a 
reversing field &, in phase with I and a transverse field Ф, 90 degrees 
out of phase in regard to I. The expression ы) is exactly equal in 


magnitude to tan 0, and, other things being equal, it is immediately 
seen that this expression is proportional to the frequency of the supply 
current. We have therefore— 


tan 0 = kf, 
= d, 4+ 67= 0,7(1 + i). 


The expression for the losses then takes the form— 

R 2 2 2 

5 РОЪАР) Ф. Жз. Ж. de do се ЖДД) 
This becomes, for a motor having 2 poles— 


рЁ вр Е) Ф i 2. коой xw 4) 
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It will be understood to how great an extent the losses are affected by 
the frequency f, since it is almost the fourth power of the frequency 
which is involved. 

Whilst the use of a resistance may be practicable at 15 periods, it may 
be expected to be inadmissible at 25 periods. It is equally important 
to notice the effect of the number of poles on the losses. It is found 
that the total losses for the motor vary at least inversely as the number 
of poles ; it is therefore desirable, with a view to reducing the losses, to 
increase the number of poles. 

It may also be asked what happens in a motor having a given 
number of poles when its speed of rotation is increased. Under these 
conditions the more the spced rises above synchronism the smaller the 
lagging field that is required ; this is expressed in the formula by the fact 
that & varies inversely as the spced. 

Finally it is clear that the narrower the auxiliary poles, the 
smaller are the losses. To bring about this reduction, a small tooth 
pitch must be used for the rotor. The effect of the width of {һе poles 
is shown in formula (да) above by the presence of the term R$, 
which can be written R ¢, x Ф, Ro, has a value independent of the 
width, but Ф, is determined by the width of the poles. The importance 
of small air-gaps is thus seen ; for R diminishes with the air gap. 

It follows from formula (4a) that in order to reduce the losses it is 
convenient, a low frequency and narrow auxiliary poles having been 
chosen, to work with reduced air-gaps, high speeds, and a large 
number of poles. At a frequency of r5 periods these losses can be 
reduced to the negligible value of 4 or } of 1 per cent. 

It might be thought that the author has been led to the idea of the 
artificial creation of a transverse field in the series motor (Austrian 
Patent No. 23502) as a result of his observations on the repulsion 
motor. Asa matter of fact, the author arrived at his results in exactly 
the opposite way. An article on the use in a series motor of auxiliary 
poles excited by a current suitably out of phase was sent by the author 
to Éclairage Electrique in January, 1901; this article was not published, 
but the original communication was returned to the author with some 
comments by Professor Guilbert. It is as a result of the automatic 
formation of a similar transverse field in repulsion motors that the 
author at first neglected the series motor with auxiliary poles, and all the 
more so since at that time a frequency of 15 was not taken into 
consideration. 


SPEED REGULATION. 


The speed of a single-phase motor can be controlled in three ways: 
by varying the pressure at the terminals of the motor by means of 
contactors or an induction regulator, or in motors of the repulsion type 
by shifting the brushes. 

The first of these three methods, namely, by means of contactors, is 
the one that has most generally been used ; and it has worked quite 
well, but the desirability of avoiding open-circuits has drawn attention 
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to the other two methods of control, which are continuous and do not 
break the circuit. 

As concerns the induction regulator, it can be seen at once that in 
order to vary the pressure in the ratio, say, of 1 to 2, it is sufficient to 
use a regulator the capacity of which is only one-quarter of the total 
power. Thus, as the main transformer T (see Fig. 11) gives a pressure 
which we may term 1, and the induction regulator R first subtracts 
and then adds a pressure equal to one-third of the above pressure, we 
can vary the pressure from 1 — {о І + 4, i.e. from % to +, or in the 
ratio of 1:2; but, at the $ pressure the voltage supplied by the 
induction regulator is only one-quarter of the total pressure supplied, 
and similarly for the power. This numerical example is sufficient to 
show that tbe induction regulator need only be relatively small com- 


FIG. 11, FIG. I2. 


pared with the main transformer. However, the primary winding of 
the induction regulator is generally supplied at the secondary pressure, 
so that the output of the induction regulator may be considered as 
being transformed twice. 

The objection has often been raised against induction regulators 
that their power factor is low. In this connection I should like to point 
out that in induction regulators damping must be provided on the 
primary in a direction perpendicular to the axis along which the 
current is introduced, as is indicated in Fig. 11. This damping can 
easily be provided by a short-circuit connection between two equi- 
potential points of the primary winding, as in the arrangement which I 
previously suggested for the field winding of single-phase machines. 
Of course, instead of a short-circuited connection short-circuit chords 
can be used, as I previously proposed in the case of repulsion motors 
(see Fig. 12). 
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Under these conditions it is obvious that no useless flux can be 
produced in a direction perpendicular to the axis of introduction of the 
current in the primary, aud that only the minimum and necessary flux 
exists in the machine. The self-induction of the secondary is naturally 
considerably reduced thereby, and by using a small air-gap, and 
reducing the leakage, it is possible with this arrangement to obtain a 
very satisfactory power factor. 

A still more perfect arrangement consists in arranging that the 
primary and secondary windings give rise to a sinusoidal dis- 
tribution of flux in the air-gap. If the fluxes produced by these 
windings are sinusoidal, they can be resolved into components along 
two rectangular axes, one of which can be the axis of introduction of 
the current in the primary, while the other can be the short-circuit axis 
perpendicular to this. The component of the flux of the secondary 
that will have the latter direction will then be totally annulled. 

To secure a sinusoidal distribution of the flux due to a winding, we 
know that it is sufficient to distribute the turns sinuosoidally, which 
amounts in a uniaxial and concentric winding to the very simple con- 
struction according to which the number of turns per slot (supposing 
that the slots are spaced at equal distances apart) varies according to a 
sinusoidal law. 

With such precautions it should be possible to construct induction 
regulators suitable for industrial use. 

In repulsion motors (whether of the compensated type or not) the 
regulation can be effected by shifting the brushes, and I here think 
it advisable to call attention to the necessity of a correct distribu- 
tion of the stator and rotor windings. When I proved that repulsion 
motors could have perfect commutation at synchronism and that the 
brushes could only behave differently when the spced was varied from 
synchronism and not by any alteration of the position of the brushes 
on the commutator, I naturally assumed that the stator and the rotor 
of these motors gave rise to sinusoidal distributions of flux. But such 
a distribution only exists if certain precautions are taken. | 

Аз coucerns the stator, it will be possible by adopting a sinusoidal 
distribution of the stator winding to secure a sinusoidal distribution of 
the flux duc to the stator alone. 

In the case of the rotor it will be advisable, in order to secure a 
sinusoidal distribution of the flux duc to the rotor, to adopt a fractional 
pitch for its winding and to utilize several short-circuit connections 
(see Fig. 6). Having ensured a sinusoidal distribution of the flux, it 
will then be possible for the commutation to depend only on the speed 
and not on the angular position of the brushes on the commutator. 

It must be observed, however, that the control obtained by shifting 
the brushes gives rise to an excessive current at starting and at low 
speeds. As a matter of fact, it would be advisable to combine the 
control obtained by shifting the brushes with that where the pressure 
is varied. For instance, we might be satisfied with two pressures, one 
of which would be utilized at the start and at low speeds and the other 
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at higher speeds. If we do not vary the pressure, however, an equiva- 
lent arrangement can be conceived in which the stator winding would 
consist of two circuits, connected first in series and then in parallel. 

If we assume that it is possible to supply a high pressure direct to 
the stator of a repulsion motor, we can do without the transformer, and 
it may happen that the repulsion motor wound for higher pressure 
and having its speed controlled by shifting the brushes will in future 
be taken into consideration, although it may be heavier and more 
cumbersome. 

Another question connected with the speed control of single-phase 
motors is braking and regeneration. The plain repulsion motor can 
work as a self-exciting generator, as I showed a few years ago; but 
such a motor then gives a very low frequency compared with its speed, 
so that when counected to a supply network its self-excitation corre- 
sponds to a true short-circuit. The compensated repulsion motor can, 


— m 


M M 
FIG. 13. FIG. 14. 


on the other hand, operate as a true self-exciting alternator for the 
frequency of the supply network. 

The desired result can be obtained with shunt connection by means 
of a small special transformer ; the motor then runs as a generator as 
soon as the gradient causes the spced of thc motor to rise higher than 
its speed at no load. We then have regencration absolutely similar to 
that obtained with the three-phase induction motor ; and we have the 
further advantage of working with a power factor cqual to unity. 
Regeneration at a high power factor is essential, or else we shall find 
that a considerable magnetizing power is being taken from the line. 

Regeneration at full speed can, as a matter of fact, be realized by 
using, in the case of a series motor (M in Fig. 13) a special exciter (E) 
for the field. The object of the exciter E is to obtain a pressure 
lagging 9o? behind the supply pressure; and it is due to using this 
exciter that the motor can be excited like a continuous-current shunt 
motor. Regeneration takes place under the same conditions as in a 
continuous-current shunt motor; but, as I have already pointed out, 
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it is really advisable to provide additional excitation by a current 
lagging 9o? behind the armature current. This result may be obtained 
to some extent by supplying the primary with both shunt and series 
excitation by using a series transformer (/ in Fig. r4). The power 
factor with such a regenerating device can be made equal to unity, 
and the machine may even deliver leading current to the line. 

It is obvious that if we are content merely to brake, it is sufficient 
to connect the motor to resistances and let it run as a continuous- 
current generator. 


TELEGRAPH AND TELEPHONE TROUBLES. 


As regards telegraph disturbances in the neighbourhood of traction 
lines, it may be possible, by means of an apparatus such as that of 
Mr. Girousse, to avoid the effects of induced currents due to the 
traction current. I fear, however, that the apparatus suggested for 
avoiding such parasitical currents on telephone lines may reduce the 
sensitiveness of the telephone itself. 

Above all we should aim at obtaining a current wave without too 
pronounced harmonics. [he proposal has already been made to 
connect to the terminals of the alternators resonant circuits for the 
various harmonics, so as to short-circuit them and obtain a purer wave 
for the traction supply. In connection with this suppression of 
harmonics, attention may be called to the property of commutator 
alternators, namely, of generating a current wave without harmonics, 
at any rate if saturation can be left out of account. Owing to this 
property such alternators may in the future be of considerable practical 
importance. | 

Another very important point in traction is to obtain machines 
which can maintain their pressure when the load varies. This result 
can be secured nowadays with certainty by compounding the 
alternators—either on the Rice, Blondel, or Boucherot system or by my 
method—or else by automatic regulators acting on the exciting 
rheostat. 


ADDENDUM. 


THE FUTURE OF SINGLE-PHASE SYSTEMS. 


It was about the end of the year rgoo that I took an interest in the 
re-introduction of the commutator into alternating-current machines. 
I think that all of us who have contributed to that re-introduction may 
congratulate ourselves upon the results achieved. Indeed, we can 
count by thousands the single-phase commutator motors in operation 
on European and other supply networks. 

These motors are generally of the repulsion type. Most firms 
(Ateliers de Jeumont, Compagnie Française Thomson-Houston, 
General Electric Company, Allmänna Svenska Elektriska Akticbolaget, 


1918. ] LATOUR: SINGLE-PHASE TRACTION. 523 


Allgemeine  Elektricitits Gesellschaft, Maschinenfabrik Oerlikon 
Industria Elettrica, and others) build compensated repulsion motors 
working in accordance with my theories at unity power factor ; but 
some firms (Brown Boveri and others) build the plain repulsion type 
of motor. The acknowledgment of the fact that a revolving field is 
produced at synchronism in repulsion motors built without polar 
projections, * and that such a revolving field may ensure perfect com- 
mutation at synchronism, has had a considerable bearing on their 
development. 

It was about 1902 that Mr. Lamme proposed the plain series motor 
for traction by single-phase current, and it was a much more ambitious 
scheme than merely to build stationary motors for special uses. 

Two types of motor at once entered into competition, namely, the 
series type and the repulsion type (compensated and uncompensated). 
Synchronous running in the case of the repulsion type involves motors 
with only a few poles on low-frequency circuits, giving rise to motors 
that are particularly cumbersome for traction ; this really accounts for 
the inferiority of the repulsion motor as against the series motor, which 
is absolutely established by experience as soon as we come down to a 
frequency of 15 cvcles. 

We must therefore choose between the various forms of series 
motors that have been proposed, and we are faced with two types: 
the Westinghouse type, in which use is made of resistance leads 
placed at the bottom of the slots; and the other type in which a 
lagging commutating field is utilized, and which has been adopted by 
all European manufacturers, As the production of that commutating 
field does not present any special complication, it seems indeed that 
it will become more and more generally adopted in the future. And 
perhaps it may be possible to combine with that lagging commutating 
field the use of resistance leads. 

The main difficulty with traction motors is the wear and tear of the 
brushes, and too much trouble cannot be taken to reduce it to a 
minimum. In this connection there have been very pessimistic 
rumours relating to single-phase traction, and it has even been said 
that the wear and tear of the brushes of single-phase motors is 
1,000 times greater than that of continuous-current motors. 

In reply I cannot put forward any exact figures, but I can make a 
more reassuring aud precise statement. 

First of all it must be clearly understood that for railway traction a 
frequency of from r5 to 16 cycles should be adopted. А few years ago 
I showed that the surface of contact in commutator motors is 
proportional to the frequency ; this is such a strong argument in favour 
of 15 cycles that it alone is sufficient to decide the choice of the 
frequency, since the cost of maintenance of the commutator and its 
size are necessarily proportional to the surface of contact. 

Let us assume that we have 15-cycle single-phase current and also 


* See second addition to my French patent No. 329058, and also Elektrotechnische 
Zeitschrift, vol. 24, p. 453, 1903. 
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that we shall use a lagging commutating field, a peripheral speed of 
the commutator of about 20 metres at full load, and commutator bars 
5 mm. wide; it is then possible to build motors for a pressure of from 
350 to 400 volts. We can also feel sure that the maintenance cost of 
the commutator of such a motor will not exceed that of a well-designed 
300-volt continuous-current motor. 

I am making this statement to stop once for all the rumours that are 
abroad to the contrary. 

It is clearly understood that single-phase traction is particularly 
suitable where írequent starting is not required and where the 
acceleration at starting need not bc very high. 

As regards the objections raised to the weight of the locomotives, 
wc must not lose sight of the fact that sub-stations are omitted ; and 
also, in comparing single-phase traction and three-phase traction we 
must bear in mind that the starting-point of all investigations was to 
obtain a single overhead conductor and to supply it at a high pressure. 
It cannot be denied that this result has been secured, and moreover that 
it can be secured by means of single-phase motors capable of perfect 
working. | 

If mistakes have been made in the past, it has been largely owing 
to the manufacturers of the best control device not making the best 
motors, and vice versa. In fact, the best electrical engineers have not 
always been the best mechanical engineers, and vice versa. 

At any rate, so long as it is understood that very satisfactory single- 
phase rolling stock is available, giving a high overall efficiency between 
the generating station and the car wheels, it will merely be the cost of 
the installation that will determine which system is used. 

With regard to constructing generators for a frequency of 15 
periods, although such generators do not present any difficulty in 
design when coupled to hydraulic turbines, this might not be the case 
with steam turbines, and I suggest that double-field induction generators 
or commutator generators should be taken into account. 

The advantage of having a single overhead wire is such that, even if 
commutator motors were not adopted, the conversion on the locomotive 
of the single-phase current into continuous current would be considered. 
For this purposc, use could be made of a single-phase rotary converter 
with short-circuit connections fitted to its field winding, as I have 
previously explained (Swedish patent No. 20860); or again, a motor- 
generator might be employed. In the latter case, it is obvious that a 
high-speed set would have to be used in order to reduce thc weight as 
much as possible ; and I think that it would be advantageous to use for 
the motor of this set a compensated repulsion motor with a shunt 
characteristic. Such a motor, which is started by merely closing a 
switch, has a very large overload capacity, and this feature is of great 
importance from the point of view of reducing the weight of the 
set. The commutator of such a motor would, of course, be com- 
paratively small, and it would act like the cxciter for a synchronous 
machine. The Ateliers de Jeumont have constructed 200-h.p. com- 
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pensated repulsion motors for 42 cycles, and these motors have given 
full satisfaction. The stator of such a motor may be directly supplied 
from the high-tension line. 

It has been suggested that the single-phase current should be con- 
verted by means of a mercury rectificr, but engineers are possibly 
unduly prejudiced against laboratory apparatus. The results obtained 
with the mercury rectifier, however, are remarkable. In the laboratory 
of the General Electric Company 1,000 kw. has been rectified for seven 
days without once shutting down. The problem of short-circuits 
between the electrodes has, however, not yet been quite solved. There 
is also no doubt that when we are able to convert single-phase into 
continuous current a higher frequency, such as до or 50 cycles, will be 
preferable. 

А very important point in connection with the single-phase system 
is the interference with telegraph and telephone lines. Since tele- 
phone lines are so sensitive to harmonics, which cause noises in the 
telephone, the importance of endeavouring to build alternators without 
such harmonics is obvious. From this point of view it is advisable to 
call attention to commutator generators which are able to supply a pure 
sinusoidal wave. 

It would be possible to adapt Mr. Thury's series system to single- 
phase current, and this was really my object when I invented the 
compensated repulsion motor in 1902. The same control, by shifting 
the brushes of the motors, and also perfect commutation, would be: 
obtainable ; but a disadvantage would be that the maximum pressure 
on the line would be r4 times the effective pressure. On the other 
hand we should be able to use stationary transformers. Assuming that 
harmonics were absent from the current wave, no particular trouble 
would be experienced, and a power transmission from the Rhone to 
Paris at 15 cycles with single-phase current with a view to electrifying 
the Western State Railway would be in my opinion a technical 
possibility. 
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RAILWAY ELECTRIFICATION PROBLEMS IN THE 
UNITED STATES. 


By Н. PARODI. 


(Paper read in Paris at a Foint Meeting of THE INSTITUTION with (he 
Société Internationale des Electriciens, 21st-24th May, 1913.) 


In this paper it is proposed to consider the various aspects of the 
railway electrification problem in the United States, in those cases 
where the substitution of electric traction for steam traction appears to 
be justified by considerations of safety or economy. 

In discussing the various systems of clectric traction the author 
will disregard all the theoretical and often biased considerations which 
have been published in the technical Press in recent years, and he 
will confine his remarks to what has actually been done and the 
results obtained from electrification. Also no attempt will be made to 
give any general description of the installations that have so far been 
carried out in America, as full particulars of these have already appeared 
in numerous publications in France and other countries. Particular 
attention will be paid, however, to ascertaining the financial and other 
results of electrification. 

This investigation is.divided into three sections: (1) suburban 
lines ; (2) main lines; and (3) mountain railways. 

In order to understand the results which electric traction can pro- 
duce, it is necessary first of all to point out the principal characteristics 
of the steam railway services in the United States, as electrical 
engineers are little acquainted with these; and it is then pro- 
posed to consider as far as possible the essential differences 
which appear to exist between American and European methods of 
working, as well as the different conditions as regards the traffic. 

Railways have progressed in a very different manner in Amcrica 
from what they have on the continent of Europe. In Europe the 
method of transport has to adapt itself to the exigencies of the existing 
civilization and to the traffic which has already become settled in direc- 
tion. In the United States, on the contrary, the railway has preceded 
colonization, and has to a certain extent created its own traffic by 
rapidly devcloping the districts which it traverses. Each mode of 
production is localized in a district thc nature of which allows it 
to proceed with the minimum of effort and to its maximum extent. 
This concentration of production has been favoured by the railway 
companies, which, owing to an appropriate organization and to the 


1913.] PROBLEMS IN THE UNITED STATES. 527 


establishment of protective tariffs, have allowed scope for the extension 
of economic consumption of the products of the land, at the same time 
as they have directed the traffic thus created on to their lifes. This 
co-operation of producers, carriers, and public authorities has made 
it possible for the Americans for the last 30 years or so to develop 
agriculture to an enormous extent. This movement has even been sur- 
passed in speed and amount by the present industrial activity. The 
Federal Government has very effectively encouraged railway develop- 
ment by granting concessions of lines on perpetual lease, and by very 
important grants of land alongside the railway tracks. 

The table below shows the rate at which the United States railway 
traffic has increased, an approximate indication being given by the 
railway receipts. A comparison of the population, of the length of the 
lines which have been constructed, and of the total annual revenue for 
the French and American railway systems, throws much. light on this 
remarkable increasc. 


| United States. France. 


| , | Approximate 
Year. , Total Receipts in Total Receipts in 


| Population. Length of thousands Population. Length of thousands 

| P Railways. Bon | Railways.* NS КЕЕ 
ueri - E — ———— Bé Ss cd E ——S 

| | Km. Km. ме 
I871 , 39,918,112 86,000 2 36,000.000 ! 17,221 0'508 
1830 50,155,783 | 150,000 32 | 37,500,000 | 23,783 0911 | 
1890 | 62,622,250 + 265,000 42 38,250,000 ` 33,550 O'990 | 
1900 — 75,508,085 : 315,000 7 38,450,000 38,044 1297 
I9IO 90,000,000 | 400,000 1472 39,000,000 | 40,435 1'500 


The American companies have accordingly to make provision for a 
traffic which increases at a mean annual rate of about то рег cent, 
whilst the corresponding increase in Europe is only about 2 pcr cent. 
In the second table some statistics аге given in regard to the results 


| SE France.’ | Germany. 
| 

IER NE : рана -c 
Length of the systems in kilometres oe 400,000 | 40,438 | 55,731 
Area in square metres wes ... 9,386,003 | 536,408 | 540,505 
Mean revenue | per passenger- -kilometre .. | OT 3°55 2:04 

in centimes bee ton-kilometre ... i. 2: 2:67 427 4'41 
Average journey | per passenger "T: 54 386 2311 

in kilometres j per ton ¢ . e) 0 400 139 112 
Average load per train in tons -— ` 345 140 
Ratio of working expenses to gross receipts | 06% |. 60% 67 % | 


* Including the State Railway. 
] By ton * metric ton” is implied throughout 
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of the working during тото of the American, French, and German 
railway systems, and these throw some light upon the general charac- 
teristics of the American service and methods, as well as on their 
essential differences compared with European practice. ! 

It is noticed at once that the difference of 6 to 7 per cent in the 
ratio between the working expenses and the gross receipts of the 
German and American systems and that of the French systems is more 
apparent than real; for example, the American companies include in 
their working expenses items which would be included by the French 
companies as initial expenditure. Also, the systems having been 
granted to the American companies in perpetuity, and the German 
railways being worked by the State, the financial charges in these 
two countries are different from those arising out of the French 
method of concession, since in France a large part of the initial 
expenditure must be paid off by means of a sinking fund within a 
comparatively short period. These initial expenses, according to 
official statistics, amount to 194,000 francs per kilometre in the United 
States, to 370,000 francs in Germany, and to 468,000 francs in Francc. 
In England they total as much as 694,000 francs. 

Let us now see what are the methods of working whereby the 
American companies are able to guarantee the economical transport 
of merchandise at a cost (2°67 centimes) which is about half the corre- 
sponding cost in Europe, and which justifies the fixing of the average 
tariff for passenger transport at almost double (6°: centimes) the French 
or German rates. 

A cheap goods service can be provided in the United States owing 
to the importance and the nature of the traffic, which consists of the 
transport of a largc quantity of heavy goods over very long distances. 
The revenue derived from goods traffic accounts for 70 per cent of 
the total revenue of the railways (only 55:5 per cent in France), and 
for certain companies like the Pennsylvania Railway it reaches 95,000 
francs per kilometre of line. Grain trains, coal trains, and mineral 
trains, frequently traverse distances of 1,000 to 1,500 kilometres, and the 
average distance of transport of a ton of merchandise is upwards of 
400 kilometres in America, whilst in Europe it hardly exceeds 140 kilo- 
metres. The mean load of a train is particularly high in the United 
States. Whilst in France the 10-ton goods wagon is in the author's 
opinion perfectly adapted for the short-distance traffic which has to 
be catered for, the average capacity of American wagons has gradually 
increased: in fact it attains 44 tons for goods trucks on the Penn- 
sylvania Railway, and averages 33 tons for goods trucks on all the 
American systems. 

The American type -of central automatic coupling wherein the 
buffer and linking apparatus are combined, and of which the resistance 
(130 tons) is far higher than that of the European type of coupling (30 
to 55 tons), allows the use of the continuous brake for goods trains 
weighing from 2,000 to 4,000 tons, and by means of spccial clectro- 
pneumatic brakes and friction buffers even a weight of 6,000 tons. 
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The general use of wagons having bogies combined with a central 
coupling without lateral buffers allows the number of handlings 
between the sender and the consignee to be reduced to a mini- 
mum; the wagons can proceed, by sidings with curves of very 
small radius, direct to the warehouses or goods-yards near the points of 
departure and arrival. Further, the grouping of centres of production 
and consumption makes it possible to a great extent to avoid sortings, 
which in the case of European retail trade are a source of considerable 
expense. 

Both the technical arrangements and the local conditions ensure the 
speeding up of the slow transit which has come to be regarded as the 
standard, not only from a technical but also from an economic point 
of view. On the Pennsylvania Railway Company's lines the average 
slow train carries 600 tons of merchandise ; the train, including the 
locomotive, weighs about 1,000 tons, and the cost of transport barely 
amounts (о 0:008 franc per ton-kilometre carried. 

In the fast traffic, the revenue from which works out at 22 per 
cent of the total revenue of the system (43 per cent in France), a single 
class only is provided, the charge for which almost corresponds with 
that of the first class in France.* All the carriages mounted on bogies 
and supplied with automatic couplings have a through-communica- 
tion corridor. They are, generally speaking, more comfortable than 
carriages in Europe, and this difference is particularly noticeable 
between carriages de luxe in France and the Pullman car. The 
carriages of the latter company, at any rate in the case of the important 
expresses, are mounted on two three-axle bogies, similar to those 
employed by the Orléans Company for its express trains, and these 
ensure a smoothness of running particularly appreciated on long 
journeys. The weight per seat, which is 800 kg. for ordinary carriages, 
and r,ooo to 1,200 kg. for carriages constructed entirely of steel,is much 
higher than that of French rolling stock, where it is only on the average 
of the order of 300 kg., and of 500 to боо kg. in modern corridor 
carriages.] ` This difference in the weight of rolling stock seems com- 
pletely to justify the difference which exists between the cost of 
transport per passenger-kilometre ; and if the passenger trains are 
noticeably heavier than in Europe, no working economy results from 
this fact as the number of passengers carried per train is about the 
same in the two countries. 

The fast and slow services are maintained on the railways, so 
far as the method of traction is concerned, almost exclusively by means 
of steam locomotives. The types most frequently used for theexpresses 
are the “ Atlantic " and the “ Pacific," and for slower trains the “ Con- 
solidation," “ Mikado,” and “ Mallet" types. 

I shall have occasion at a later stage to indicate more exactly the 

* Additional charges for the use of special carriages such as sleeping cars, dining 
cars, Pullman cars, etc., as well as for the conveyance of luggage, are generally 
received by companies other than the railway company. 


T The first-class corridor carriages with a three-axle bogie of the Orléans Railway 
Company running to Bordeaux have a tare weight of about 988 kg. per seat. 
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characteristics of these engines as compared with electric loco- 
motives. It is here sufficient to remember that on account of the very 
low price of fuel (which for the year тото works out at 10'4 francs 
per ton of coal, when in Europe this ranges from 20 to 25 francs per 
ton) the expense of coal is relatively much less important in the United 
States than it is on the Continent. It should also be remarked that 
steam locomotive engineers attach much more importance to building 
powerful engines than to: build engines which will work economically, 
and the reduction in the cost of fuel only interests them when it allows 
them to obtain an increase of tractive power. 


SUBURBAN SERVICES. 


As I have just shown, the railways work their trains exclusively by 
steam locomotives, the power of which is constantly being increased so 
as to allow of additional load; the number of trains is therefore 
reduced to a minimum in order to reduce the working expenses as 
much as possible, and it is the weight of the trains which is increased 
or diminished so as to cope with the requirements of the traffic. 

Tramways and urban railways, on the contrary, use electric traction 
almost exclusively, and employ motor-cars in small numbers during 
normal hours, and in large numbers during busy hours. For the 
electrification of the suburban services the railway companies tend 
more and more to avail themselves of the advantageous splitting-up 
of motive power provided by electric traction, and to apply to their 
passenger traffic the principles of tramway operation. 

These two very different methods of railway and tramway working 
can be summarized by stating that the first is a low-frequency system 
for trains of variable weight, and that the second is a high-frequency 
system for trains of constant weight. Obviously between these two 
limits are the systems in which both the frequency and the weight 
of the trains are varied. 

The method of working tramways and urban railways has been 
evolved almost entirely in the United States, and reference should here 
be made to American industry, which by improving the system of 
controlling the motors from a distance has made practicable this new 
method of working, of which the proper domain appears to be electric 
traction. From the point of view of improved passenger traffic, this 
method has given results as valuable as those shown for goods traffic 
on the United States railways. 

A study of German railway and tramway statisticsinduced Mr. Matters- 
dorf to formulate, about ten years ago, a law of proportionality between 
the total traffic on all the transport systems provided in an urban arca 
and the square of the population served. This law is confirmed by the 
continual increase in the tramway and urban railway receipts in the 
large towns of the United States, and it explains the marvellous 
development of tramway and urban railway lines in America, where 
in certain towns the population has doubled in less than ten years. 
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Hence it appears certain that the application of the methods of tram- 
way working to suburban railways of a rapidly growing town would 
allow the railways to benefit largely from the increased traffic produced, 
which would by preference direct itself upon them. 


NEM York. New York] Penn 
Tram ; ew New Yor d 
Ways prie 5 lHaven,and| Central * S 
(19c7) 910). Hartford | (1911). y 


(1911). (1911). 


—— —— ————————————— ff ———————————— —— —— - 


Length in о -.. | 55,000 | 382,000 | 3,260 | 5,760 | 6,400 


metres .Jtrack ... — 550,000| — — — 
Initial expenses per km. 
in francs ДЕР: 336,000 | 194,000 = ЗЕЕ РИК 


Passenger receipts (1907) 
in thousands of millions 


of francs - e| 1°96 2'9 — — — 

Receipts) 5. ssengers(1 — 3,230| 135 160 170 
in mil о бого 19) аа 9,900] 156 | 305 | 585 
ionsof total... — 14,200| 375 635 QOO 
francs 

Approximate — 8,500 | 48,0co | 37,500 | 33,000 
diee | е. — 26,000 | 48,000 | 53,0со | 95,000 
Ecc "tota eidem] copier cm Е — 


Receipts per passenger 
centimes | 24'I — == — == 
Receipts per passenger- 
km. ... 


: ..centimes — 6'1 5:48 5:62 6:25 
Average number of pas- 
sengers per carriage ... |  — — |255 163 15'9 


Ralio of working ex- 
penses to receipts, per 


cent... R 60 66 56 61 63 
Expenses in francs per 
vehicle-km.  ... O'5O 0°265| 0°45 0°24 0'275 
Receipts [Ре vehicle- km. 0°85 0°400; — — — 
M k passenger- 
carriage per . 
Hanes km... e. | 0°85 o'665| 1°78 078 0'775 


Number of passenger 


carriages n +» | 70,0161| 47,095 | 2,528 | 2,437 | 2.391 
Number of wagons w+ | 13,625 2,243,236 | 39,619 | 74,934 |148,535 


In 1907, the last year for which complete statistics are available for 
all the tramway companies, more than goo companies were working 
electrically nearly 55,000 kilometres of track. 


* These figures are only concerned with lines worked directly ; the New York 
Central and Pennsylvania systems comprise respectively 34,000 and 26,000 km. of 
track. 

| Including 68,874 motor-cars and 117 electric locomotives. 
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The total annual revenue of all these systems was 1:96 thousands of 
millions of francs in 1907, and for New York alone it reached 1'5 
thousands of millions in 1910. The same year the revenue from the 
passenger service of all the stcam railway systems of the United States, 
400,000 kilometres of route being in operation, was only about 3 
thousands of millions of francs. 

The table on page 531 gives some statistics relating to the tram- 
ways, as well as the passenger services of some American railways 
which have recently carried out important electrifications. 

Of the above 55,000 km. of electric tramway route 98 per cent are 
operated by continuous current and about 2 per cent by single-phase 
current. From the actual results obtained with clectric tramways the 
author is going to try and determine the probable economic conditions 
for the electrical operation of suburban railway lines using continuous 
current or single-phase current. 


CAPITAL EXPENDITURE. 


The capital cost of a railway differs very widely from that of a 
tramway, and this is due, as has been said above, to the very excep- 


CosT OF THE CONTINUOUS-CURRENT INSTALLATION FROM 
CAMDEN TO ATLANTIC CITY. 


Size, Number, and | Total Costin | МОРО. 
Cost per " Unit.” Francs. Fen d 
Central Station — 
Equipment sis С .. | 8,000 kw. at 4to fr, per kw. 3,300,000 
Buildings, foundations, land, | 252 
fuel depót DU: — | 1,820,000 ) 
Feeders”... Pre ee T 113 km. at 11,000 fr. 1,240,000 
Sub-stations — | 
Buildings ... R six eo] 17,000 kw. at 126 fr. | { 370000 | 
uipment ыз vem ue) per kw. 1 2,150,000 j| 374 
Working Conductor— 
Third rail : T" m 213 km. at 13,750 fr. 2,930,00с 
Trolley wire cs ses s 32 km. at 13 ооо fr. 415,000 
Rail bonds m eas E 245 kin. at 2,140 fr. $25,000 
Rolling Stock— 
93 motor-cars (wood) of 43`5 tons 93 km. at 63,000 fr. 5,800,000 | 
IS ditto (steel) of 47°5 tons 15 km. at roo,ooo fr. 1.500,000 "T 
(480 h.p.) r 374 
Shops СЕ oe A E — | 240,0c0 ) 
Totals T d e ue NR. 5 20,300,000 100 


tional conditions under which the United States railways were 
constructed. The tramway companies which have been formed and 
are working under normal conditions analogous to those of the 
European companies, have a capital (about 336,000 francs per kilo- 
metre) almost double that of the railways. 

At the same time electrification notably increases the first cost, 
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especially for railways. It can be stated that the corresponding 
cost lies between 100,000 francs and 200,000 francs per kilometre of 
single track. 

As an example, the author gives an analysis (see page 532) of the cost 
incurred by the Pennsylvania Railway for the installation of the 
continuous-current line from Camden to Atlantic City (West Jersey 
and Seashore Railway). The cost per kilometre of single track comes 
to about 100,000 francs. 

Owing to the absence of exact particulars of the initial cost of 
American railways actually working with single-phase current, only 
the estimated cost for single-phase working on the lines entering 
Boston is here set out. This was published in the report of the 15th 
November, 1910, of the Board of the New York, New Haven, and 
Hartford Railway Company. 


ESTIMATED COST OF SINGLE-PHASE ELECTRIFICATION OF THE LINES 
RUNNING INTO BosTON (NEW YorRK, NEw HAVEN, AND HARTFORD 


RAILWAY). 
А Cost рег " Unit." Total in Per- 
Size of Installation. rancs. Francs. centage. 
Central station ТРИ vus .. 60,000 kw. 513 31.000,000 18:3 
25 km. at 4 tracks 128,000 
T ission li h | pM x bos 
ransmission line and overhead J 52. 220,000 : 
working conductor A 4179 n Miscellaneous 12,000 | 19,800,000 HER 
743 226,000 
Terminus and repair-sh. p ... — — 9,600,000 
Light passenger locomotives . 113 204,000 23,800,000 
Heavy passenger locomotives... 49 232,000 11,600,000 £6 
Motors-cars sj " Ses 232 154,000 35,800,060 4° 
Trailers... $45 ss 377 68,500 25.700,000 
Rolling stock spares "e M. — — 3,270,000 
Block system ... ia & — == 9,000,000 5'3 
Totals m s 743 km. — 168,000,000 100 


The estimated cost works out accordingly at 227,000 francs per 
kilometre of single track, including trailers, and 190,000 francs without 
trailers. 

The cost of electrification varies considerably for each line, and 
without wishing to draw any comparisons in regard to these different 
tables, other than that the initial cost of the lines is necessarily higher 
with single-phase current than with continuous current, the author will 
merely state that the expense of electrification may reach 200,000 
francs per kilometre of single track. 


WORKING EXPENSES. 


As regards working expenses, complete particulars arc alrcady 
obtainable in the case of the continuous-current installations carried out 
during the last few years on various railways. The companies which 
have carried out their electrification with single-phase current arc 
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much more reticent in supplying particulars, but some idea can be 
given as to the cost of each system by examining the statistics pub- 
lished each year by the Inter-State Commerce Commission and by the 
Public Service Commissions of the different States. 

In the table below, the results on the continuous-current line from 
Camden to Atlantic City (West Jersey and Seashore Railway) are given. 


WORKING RESULTS OF THE CAMDEN-ATLANTIC CiTY INSTALLATION. 


| | 
| 1910. 1909. 1908. 1007 


kw.-hours | 23,312 500 | 23,551,200 | 22,887,600 , 21,118,800 
Energy supplied by the sub-stations, ' 


Energy generated at the power station 
kw.-hours  21,972.300 — = == 
! 
! 
| 


Efficiency of the transformation... wai 0'816 0'784 0738 0723 
Cost of fucl per ton sis ... francs | 12°60 pev — | = 
Cost per kw -hour at the power station, 

centimes 2°8 2°85 306 , 35 
Consumption of fuel per kw.-hour ... kg. 147 1'50 0552 > 167 


7,350,000 | 6,600,000 — | -- 


electricity 18 0°58 0°60 0°65 i 
stcam Pis o'8o — 071 | — 


Annual number of car-kilometres (3'5 
cars per train) ... aes 

| Total net cost per car-kilo- 
| metre, in trancs s | 


Similar results are obtained on the other lines. Notable differences 
exist between one system and another, for the cost per car-kilomcetre 
comes to 075 franc on the Long Island Railway, and to 0'40 franc on 
the Pennsylvania Railway (New York lines) These discrepancies are 
easily explained by the different operating conditions, and also by the 
different methods of generating and utilizing the electrical energy. 

The system of traction, in particular, plays an important part in 
determining the net cost, and, in this respect, the author has found 
interesting and instructive comparisons between the working of 
continuous and alternating-current lines in the statistics which the 
tramway companies supply each year to the Public Service Com- 
missions of the various States. A correct comparison can be made for 
tramways which have employed since their construction a single 
system of traction, since the accounts of all such undertakings are 
drawn up in an absolutely uniform manner in accordance with a 
scheme prepared by the Federal Government and the Governments of 
the various States. 

I have taken three systems operated with continuous current at 
1,200 volts and shall refer to them as С,, C, C, also three single- 
phase tramways which I shall call A,, А„ A, for which the conditions 
of trafic and working are absolutely the same, and in the following 
table I have set out the cost, reckoned рег, car-kilometre, of the repairs 
and maintenance of the locomotives and the working conductors, 
- also the cost of running the sub-stations. The table also contains 
particulars of the number of workmen— per саг in service—engaged 
in the depots and sub-stations. These latter details have not been 
taken from the official statistics. 

I have intentionally omitted any comparison of the cost of 
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electrical energy, on account of the great differences that exist in 
the conditions under which the current is generated. 


Number of Persons 


Cost per Car- : ^ 
Systems, , kilometre en pM IBS 
in Centimes. per Car in service. 
C. cou em .. 7°80 I'S 
C, eee eee eee 7°80 1'7 
Cl. ow — 39 827 1'6 
Average e. 795 1'Ó 
А, ‚ IJI 2'4 
A, . 165 34 
Аз: = ёг . 2072 34 
Average we 170 3°06 
[n =a 


Difference 17:6 — 7°95 = 9°65 centimes per car-kilometre. 


From this it may be inferred that the cost per car-kilometre on 
the tramways, which is 0°5 franc for continuous current (see Table on 
page 531), should come to 0:59 or о'бо franc for single-phase current, 
as a result of the greater cost of repairsand maintenance. All the other 
working conditions are supposed to be the same. 

The differences between these systems of traction as applicd to 
railways should be much greater, judging by the gencral working 
results of the New York electrified suburban lines running into the 
Great Central terminus. The total annual cost for the year 1911, given 
in detail in the tables below, comes to 2,891,436 francs for the New 
York Central Railway, and to 4,521,267 francs for the New York, New 
Haven, and Hartford Railway. 

The number of tractors in service in 1911 was 47 of 2,000 h.p. and 
137 motor-cars of 400 h.p. for the New York Central Railway, and 
47 locomotives of 1,000 h.p. and 4 motor-cars of 600 h.p. for the 
New York, New Haven, and Hartford Railway. 

The number of trains per day was, at the end of 1912, about 400 
(including shunting) for the New York Central, and 200 for the New 
York, New Haven, and Hartford Railway. In the absence of official 
statistics of the traffic on these two railway systems it is unfortu- 
nately impossible to determine the cost per car-kilometre, which 
would have been of considerable interest. 

From the number and importance of the electrical installations which 
have been completed in America, all of which are working satisfactorily, 
it is evident that the problem of the clectrification of suburban railway 
lines gives rise to no technical difficulty, and that it has become almost 
exclusively financial and economic in its nature. I therefore propose 
next to examine in a general and necessarily approximate way thc 
relation that must exist between the traffic and the expenses in order 
that electrification may be remunerative. 
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SUMMARY OF THE WORKING EXPENSES OF THE ELECTRICAL LINES 


OF THE NEW YORK CENTRAL AND HUDSON RIVER RAILWAYS. 


Continuous Current. 


| 1908, | 1909. 


19IO. 1911. 
Ег. Ег. Ег. Ег. 
Upkeep of the electrical trans- 
mission ... 1, 119,872.65 325,768.40 447,735.85 511,637.05 
Upkeep of the locomotives 236,323.20 161,298 262,480.05 223,861.50 
Upkeep of the motor-cars 174,574.70 100,657.05 97,870.60 93,889.65 
Upkeep of the power stations... 174 574.70 100,667.05 143,546.25 183,391.50 
Electricians—drivers 1,001,221.80 937,850.20 851,217.75 670,722.05 
Power-station wages . ead 648,359.25 639,593.95 | 1,068,552.90 | 1,198,116.60 
Electrical energy орви from 
outside ... sv T. 12,787.45 11,850.15 10,413.30 10,868.25 
Total ; | 3,367,713.75 2,277,700.80 | 2,881,816.70 | 2,891,436.60 


SUMMARY OF THE WORKING EXPENSES OF THE ELECTRICAL LINES 
OF THE NEW YORK, NEw HAVEN, AND HARTFORD RAILWAY. 


Single-phase Current. 


1908. 1909. 1910. 1911. 
Ег. Ег. Fr. Fr. 
Upkeep of the electrical trans- 
mission ... sey 309,406.85 18,622.40 681,334.70 529,965.90 
Upkeep of the locomotives 143.479 1,322,025. 0 726,062.45 847,901.15 
Upkeep of the motor-cars vid 255,738.70 178,782.25 214,420.25 164,413.75 
Upkeep of the power stations ... 105.595.60 293.261.60 189,303.70 153,485.45 
Electricians—drivers . 299,266. 50 745,956.90 730,733.50 819,246.55 
Power-station wages .. 654,621.65 1,217,573.30 | 1,184,891.40 | 1,225,586.70 
Electrical energy bought from 
outside ... 205,927.90 907,908.95 500,997.15 780,667.90 
Total 1,974,036.20 | 4,684,131 4.727,743.15 | 4,521,267.40 


SUMMARY OF THE WORKING EXPENSES ОЕ THE ELECTRICAL LINES 
OF THE PENNSYLVANIA RAILWAY. 


Continuous Current, 1911. 


Ег. 

Upkeep of the electrical transmission 8 93,034.20 
Upkeep of the locomotives ... ys ios 132,427.10 
Upkeep of the motor-cars  ... a — 2,399.90 
Upkcep of the power stations -— ios 94,662.15 
Electricians—drivers ... sore : 360,271.30 
Power-station wages ... гы jos jus 436,027.30 
Electrical energy bought from outside  ... 63,023.25 

Total ... $vs wie we —1,193,345-25 
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The initial cost of the electric lines, which has been set out above 
as 200,000 francs per kilometre for a single track, is of the same order 
of magnitude as the average capital of the companies per kilometre of 
line (194,000 francs) That is to say, that if electrification were uni- 
versal it would actually represent an increase in capital of about 100 per 
cent ; but this cost could be provided for by a sinking fund spread over 
99 years in accordance with the usual practice in the United States, 
and, asthe lines are conceded to the American companies in perpetuity, 
consequently at a very low annual charge. | 

It will be admitted then that the revenue per kilometre of single 
track is encumbered in the case of elcctrification by a charge of 
I0,000 francs, corresponding with the rate of interest and repayment at 
5 per cent on the capital of 200,000 francs. Under these condi- 
tions, if— 


I. The net cost per car-kilometre is o'6 franc (o'5 franc for 
tramways). 

2. The average cost of transport per passenger-kilometre is 
ооб franc (00621 franc is, the average for all railway 
systems). 

3. The total annual number of car-kilometres per kilometre of 
line be represented by N (average traffic per kilometre). 

4. The average number of passengers per car bc represented by f 
(average density). 


Then the relation between the traffic and the annual revenue will 
be as follows for a ratio of working expenses to receipts of 60 per 
cent on the lines electrified :— 


0'6 N + 10,000 = 0'06 N f = 


The relative values of N and f are shown in the following 
table :— 


Value of N. oi о'06 N f. 
Average Number 395 
of Passengers ee. oes ИЕ сез ey eee, ссы Б Sa a 
per аг | Number of Journeys Average Daily Annual Receipts per 
Черүү of the Cars Number oí Journeys | Kilometre in Francs 
per Annum. per Kilometre. for Single Track. 
18 | 208,000 570 225,000 
| | 
20 | 83,500 228 100,000 
| 
22 52,000 142 74,000 
24 37,900 104 39,400 


26 29,700 81 24,000 
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The receipts per kilometre and the average number of passengers per 
car on the three railway systems serving New York аге as follows :— 


| 


ie a | Average Reccipts Average 
| | ies S SE ODE per Passenger- Number of 
in Branca kilometre Passengers 
: in Francs. per Car. 
——: | ee Lee 
| 
New York, New Haven, | 
and Hartford 48,000 0°0548 25°5 
New York Central ... 37,500 | 00562 1673 | 
. | 
Pennsylvania Railway... 33,000 0'0625 I5:9 


| 


A comparison of the receipts calculated from the above formula 
and the actual average receipts per kilometre of line on the three 
systems under consideration, shows that the passenger traffic of the 
New York, New Haven, and Hartford Railway, which is quite ex- 
ceptional, would almost justify a general electrification of the lines of 
that company. For the New York Central Railway and the Pennsyl- 
vania Railway the electrification should be restricted to those lines 
where the average traffic per car is sufficient. But it should be men- 
tioned here that a systematic adaptation of the method of working 
tramways to suburban railways is of such a nature as to produce a 
notable increase in the mean traffic per car, and consequently electrifi- 
cation can be justified even in those cases where the mere substitution 
of electric locomotives for steam locomotives might appear. to be 
financially unsound. 

It has just been shown that the electrification of suburban lines 
leads to, without always necessitating, the use of a new method of 
working. It is also interesting to examine in detail the case of the 
New York suburban area, where only partial use has been made of the 
method in question, and to take account of the reasons which have 
caused the present arrangements to be adopted. The suburban lines of 
the New York Central Railway supplied with continuous current are 
worked by means of motor-car trains of variable composition, while 
on the other hand, the lines of the New York, New Haven, and Hart- 
ford Railway supplied with single-phase current are worked solely by 
means of ordinary trains hauled by electric locomotives. In these two 
systems the electric locomotives shunt as well as haul the main line 
trains over all the electrified sections. 

The Pennsylvania Railway uses electric locomotives almost ex- 
clusively for hauling trains out of New York city. The immense works 
carried out by this company, such as the tunnels under Hudson River, 
and a terminal station in the centre of New York, were with the idea 
of connecting the Jersey lines with those of Long Island by crossing 
Manhattan Island, and of allowing large trains from Philadelphia and 
Washington to depart from the very centre of New York city. 
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Before examining the technical reasons which have perhaps caused 
the retention of old methods of working in the case of single-phase 
current, it should be mentioned that the use of electric traction on 
the underground lines entering New York has been insisted upon by 
the Government owing to an accident caused by signals being obscured 
by the smoke of steam locomotives. The electrification of the terminus 
has been effected in this case because it would allow the adoption 
of underground stations. The resulting increase in the traffic capacity 
of these lines and stations has been considered a fortunate result of 
a decision brought about by totally different considerations. Thus 
the design of the installation has been carried out so as to profit from 
all the working facilities obtained with electric traction. 

It is by using electric trains with their rapid acceleration and 
powerful brakes, and also the block system with very short sections, 
that it is hoped to obtain a service of 50 trains per hour per track, 
which alone can give for the two double tracks entering the Great 
Central terminus a revenue-producing capacity worthy of the station. 
This station, with its 67 tracks of an aggregate length of 51 km., 
covers an area of 180,000 sq. metres, and it can deal with 70,000 
passengers per hour. 

All the trains entering New York from the lines of the New York 
Central and Hudson River Railways, and from those of thc New York, 
New Haven, and Hartford Railway, meet at the Great Central 
terminus. These trains pass through a four-way tunnel which opens 
out into two fan-shaped groups of platforms arranged in two storeys. 

The group of tracks used for the suburban services forms {һе lower 
floor, and the main line tracks the upper storey. The trains approach 
the lower platforms by four tracks on a gradient ; two of the tracks 
are allocated to the trains of the New York Central Company, and two 
are used by the trains of the New York, New Haven, and Hartford 
Company. 

These groups of tracks comprise :— 


The suburban group (lower floor), 25 tracks, of which 14 are cul-de- 
sacs, and 8 are arrival tracks looped with 3 departure tracks. 
Seventeen tracks are supplied with platforms, 2 of which are 
reserved for luggage. Space is provided for the ultimate 
addition of five more tracks to the west of the station. 

Main line group (upper floor), 42 tracks, of which 35 are cul-de- 
sacs, and 4 arc arrival tracks looped with 3 departure tracks. 
Six tracks are reserved for luggage, 2 for the postal service, 3 
for the express companies, and 5 for the temporary warehouse. 


The trains arriving at one side of the station can be taken to the 
departure platforms without any shunting by means of large loops 
which are provided on each storey, and which unite the two sides of 
the Great Central terminus. By this arrangement locomotive traction 
will thus not reduce the capacity of the station, which will, as has 
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been mentioned above, be limited solely by the number of trains 
that can enter on the four arrival tracks. 

The railway termini of New York being marshalling stations, it is 
exceedingly casy to provide the requisite number of seats in the trains 
at each moment of the day according to the number of passengers ; 
and the average traffic density of 30 to 40 travellers per car can be 
reached in practice with the ordinary method of working. 

As I have mentioned above, the New York Central Company 
provide a suburban service by means of motor-cars, whilst the New 
York, New Haven, and Hartford Company employ locomotive traction 
almost exclusively. The four 600-h.p. single-phase motor-cars in ` 
service on this system only provide afew trains a day, and there is reason 
to believe that the use of single-phase motor-cars has not been cxtended 
on the lines of the New York, New Haven, and Hartford Railway 
owing to the weight and high price of these tractors. In the table 
on page 540 the power per ton of train, and the total dead weight per 
seat, are given for the various compositions of the trains with motor- 
cars or locomotives in the case of the two systems. 

It is seen that with motor-cars 6'8 h.p. per ton of train for continuous 
current, and only 3:5 h.p. for single-phase current, are available. The 
dead weight per seat is 670 kg. for continuous current, and 750 kg. 
for single-phase current. 

Even by admitting that the cost of traction is exactly the same 
for the two systems, single-phase working will be more expensive 
than continuous-current working by reason of this extra weight. The 
service will certainly be inferior owing to the insufficiency of power of 
the motor-cars. This lack of power, which has been observed in 
almost all the American single-phase installations, is not solely the 
result of the use of a frequency of 25 periods. In the case of the lines of 
the Bernese Alps Railway in the Létschberg Tunnel, for example, it was 
expected to obtain a passenger service by means of motor-cars using 
single-phase current at 15 periods, and of which the weight was to be 
kept to 55 tons, and which were to have been fitted with four 250-h.p. 
motors. When the equipments had been constructed, it was found 
to be impossible to place four motors on the cars without exceeding 
the prescribed weight, and now these motor-cars have only half the 
horse-power originally intended. 

A similar instance could be given for locomotives: for the same 
total weight the New York, New Haven, and Hartford loco- 
motives develop a power only about half that of the New York 
Central locomotives, and this power is insufficient to guarantee 
the service for which they were intended. Moreover, the cost of 
upkeep and repairs has risen considerably during the first years of 
their use. 

In the following table is given the annual cost of the upkeep and 
repairs of the continuous-current locomotives of the New York Central 
Railway and of the single-phase locomotives of the New York, New 
Haven, and Hartford Railway, deduced from the statistics published by 
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the Inter-state Commerce Commission (Chap. 32 of the Statement of 
Expenses). 


Year Number of Cost of Upkeep and Repairs . 
Е Locomotives. Total Annual Cost. per Locomotive per Year. 


New York Central (Locomotives of 2,000 h.p.). 


| 
| 
h fr. | 
1908 47 236,323 5,000 | 
1909 47 161,298 3,420 | 
1910 47 262,480 5,550 , 
1911 47 223,561 4750 


New York, New Haven, and Hartford (Locomotives of 1,000 ћ.р.). | 


1908 = 143,479 — | 
1909 41 1,322,025 32,000 | 
1910 41 726,068 17,000 | 
1911 47 847,901 18,000 | 

| 


It will be seen that the cost of the upkeep of the single-phase loco- 
motives, which amounted to 32,000 francs per locomotive in 1909, was 
considerably reduced in тото and 1911 owing to the use of two coupled 
locomotives.for drawing heavy trains. The cost per locomotive-kilo- 
metre is shown below. This has béen deduced for the New York, New 
Haven, and Hartford Railway from the preceding tables, and for the 
New York Central Railway and for the Pennsylvania Railway from the 
statistics given by Messrs. Gibbs and Katte in papers read before 
the Railroad Club in New York in 1912 and 1913. Mr. Gibbs also gave 
for purposes of comparison the cost of the upkeep and repairs of steam 
locomotives on the Pennsylvania Railway. 


CosT OF UPKEEP AND REPAIRS PER LOCOMOTIVE-KILOMETRE. 
1909. 1910. 1911. I912. 
New York, New Haven, and Hart- 
ford (locomotives of 1,000 h.p.)... одї. o?2isgfr. 0o225ífr. — 
New York Central (locomotives of | 
2,000 h.p.) € — Р — — — o1o06fr. 


Steam Locomotives. 


Whole of the 
Pennsylvania 
System. 


Pennsylvania Railway (1911) ... 0°215 fr. 0°371 їг. 047 fr. 


Electric Locomotives New Jersey 
of 2,000 h.p. Section. 
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MAIN LINE SERVICES. 


There arc scarcely any examples of the application of electric trac- 
tion to the main lines of the United States railways ; and the extension 
of the electrification of the suburban lines of the New York Central 
Railway to Albany, and of those of the New York, New Haven, and 
Hartford Railway to Boston, is still under consideration. But these 
schemes are exceedingly interesting, for they give a general idea of 
the investigations which are being carried on in America on this 
important question. 

The only two systems of traction actually considered in America 
to be capable of giving satisfactory results in hauling heavy trains 
over considerable distances are the high-tension continuous-current 
system at 1,200, 1,500, or 2,400 volts, and the single-phase alternating- 
current system at 11,000 or 22,000 volts and a frequency of 25 
periods. Three-phase traction seems systematically excluded in the 
United States, and its use only appears to be seriously considered in 
the case of lines with heavy gradients. 

With continuous current it is probable that the pressure will 
be limited to 1,200 volts, at least for the electrification considered 


000 
voles 


by the New York Central Railway, so as to be able to retain without 
change the inverted third-rail conductor, which seems to be giving 
every satisfaction. 

As regards the single-phase system, there is reason to believe 
that a method of supplying current will be adopted similar to three- 
wire continuous-current distribution, by connecting the running 
rails to the centre of a transformer winding at 22,000 volts, of which 
the terminals would each be connected to one of the two overhead 
conductors serving adjacent lines. This arrangement will allow a 
reduction of the very considerable fall of pressure which occurs суеп 
in the case of single-phase distribution at 11,000 volts. 

The crossing of these outer conductors shown in Fig. 1 is for the 
purpose of producing to some extent automatic compensation of the 
induced electrostatic and electromagnetic effects on neighbouring 
telegraph and telephone lines. It has not been possible to avoid by 
any simple arrangement the very serious troubles experienced in the 
working of such lines, due to the presence in their neighbourhood of 
conductors carrying large high-tension single-phase currents; and 
both in America and Germany it has been necessary to replace the 


Conductor for Track /. 


Running rails. 


Conductor for Track 2. 


FIG. I.. 
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overhead network of telegraph and telephone wires by underground 
cables near railway lines. The cost of this alteration has been entirely 
defrayed by the railway companies, and the cost of installing single- 
phase traction has thereby been increased to a considerable extent. 

Whatever system of traction is adopted, the ordinary method of 
working railways ought to be retained, and the trains should be drawn 
by as powerful, light, and fast a locomotive as possible. None of the 
secondary reasons which in the case of suburban trains operate in 
favour of clectric traction should be considered in the present instance ; 
and it is only the respective advantages of steam locomotive traction 
and electric locomotive traction which must be taken into account. 

First of all we must compare the actual conditions of introducing, 
and the functional characteristics of, steam and electric locomotives, so 
as to determine in what direction the investigations of manufacturers 
should tend. The introduction of superheating and the use of 
automatic stokers have brought to steam locomotives improvements 
far greater than those made in electric locomotives by the use of high 
pressure or of forced ventilation for the motors. Fig. 2 illustrates 
{һе relation between the speed and the continuous draw-bar pull which 
can be obtained from modern high-speed electric locomotives and 
steam locomotives, and which are realized in American practice with 
cach type. In respect of power, weight, and first cost, the advantage 
undoubtedly lies with steam locomotives. 

The very powerful “ Pacific" and “Atlantic” types of locomotive 
actually in use in America, which at a speed of 120 km. per hour can 
give continuously about 2,600 i.h.p. апа 1,800 draw-bar horse-power, 
weigh only 143 tons, with 9o tons for adhesion. Their. power 
can probably be still further increased by the use of grates of 7-8 
square metres, which would not be hand-fired, but which, provided 
with automatic stokers, would be able to burn 2,500-3,000 kg. of, coal 
per hour. On the locomotives of the Pennsylvania Railway 8o Craw- 
ford stokers are in use, and over a period of 5 consecutive hours 
have burnt per hour 2,500 kg. of coal containing 10 per cent of ash, 
when a strong stoker could hardly maintain by hand a rate of 1,500 to 
2,000 kg. of coal per hour. 

The electric locomotives of the Pennsylvania Railway, weighing 
150 tons, with go tons for adhesion, can only develop at speeds 
of 100-110 km. per hour 1,300 h.p. at the wheels and about 800 draw- 
bar horse-power. The most recent express single-phase locomo- 
tives of the New York, New Haven, and Hartford Railway, weighing 
92 tons, scarcely give at go km. per hour 700 h.p. at the wheels and доо 
draw-bar horse-power. It is necessary to notice that in the steam 
locomotives the weight of the driving apparatus (cylinders, connecting 
rods, pistons, slide valves, valve gear, etc.) scarcely amounts to 10 tons 
for about a 2,000-h.p. locomotive, that is to say, 5 kg. per horse-power ; 
whereas the weight of the totally-enclosed ventilated electric motors is 
generally more than 12 kg. per horse-power. 

The electric locomotives, of which the operating characteristics have 
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been given, were really constructed with a view to developing their 
maximum power at a speed of about 60 km. per hour, corresponding 
with a suburban service, which is their true field. In the United States 
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there are no continuous-current or single-phase locomotives which are 
really very powerful at their maximum running speed, whereas we find 
very interesting examples in Europe of three-phase locomotives. The 
locomotives now in use in the Simplon Tunnel develop at 70 km. per 
hour a draw-bar pull of 6,000 kg.; the new locomotives which аге ` 

VoL. 61, 35 


546 PARODI: RAILWAY ELECTRIFICATION (21st May, 


under construction, however, will weigh 86 tons and will develop 
3,000 h.p. at this same speed of 70 km. per hour. The Italian State 
Railways, also using three-phase equipment, have actually ordered 
10 locomotives able to develop 2,000-2,400 h.p. at 100 km. per hour. 

Still confining my remarks to actual installations, it may be noticed 
that, whilst the three-phase locomotives can develop their maximum 
power at a time when this power can be fully utilized, i.e. at full speed, 
continuous-current or single-phase locomotives, i.e. machines with a 
series characteristic, only develop their maximum power at a speed 
which is 50 or 60 per cent of their maximum speed. My idea isreally as 
follows: whilst tractors having a series characteristic appear to me 
quite suitable for suburban service, i.e. for drawing comparatively light 
trains at a high acceleration and at a low mean speed, those tractors 
with a shunt characteristic are likewise perfectly adapted for main line 
working, i.e. to drawing heavy trains at high speeds on long stretches of 
track where the gradients are small and where acceleration is only of 
secondary importance. 

With single-phase, and perhaps also with continuous-current loco- 
motives, it will be possible to reduce considerably the diminution 
of power as the speed increases ; and possibly motors will be obtain- 
able capable of working, like the steam locomotive, at approximately 
constant power over a wide range of speed. The realization in practice 
of such a characteristic would be an important improvement, which 
would allow electric locomotives to possess great flexibility of speed, 
whilst ensuring a valuable equalization in the demand on the central 
stations. 

It wil therefore be necessary for main line traffic to obtain 
electric tractors having a very reduced consumption of energy, 
since steam engines give from this point of view exceedingly note- 
worthy results. In the latest superheated-steam locomotives built 
by the Pennsylvania Railway the consumption has been reduced per 
useful horse-power at the draw-bar to 1'2 kg. of coal and 7'5 kg. of 
steam, i.e. 1'63 kg. of coal and 1072 kg. of steam per useful kw.-hour 
at the draw-bar. It is, of course, impossible to obtain in ordinary 
running a result as economical as that just mentioned, which was 
obtained on test, but the difference is not, as a matter of fact, very 
considerable, owing to the steam locomotives having been designed for 
a particular service, which allows them to be worked almost continuously 
at their economical load. 

The continuous-current and single-phase electric locomotives 
actually appear able to give, at any rate on the main line services, 
almost as good results as regards the amount of energy consumed in 
hauling the trains. The losses of energy in the transmission lines, the 
transformers, or the sub-stations, and in the locomotives themselves, 
are quite comparable ; in fact they would be a little less in the case of 
continuous current than in the case of single-phase current if the energy 
is measured, as is only logical, by the useful load (tons) hauled at the 
draw-bar of the locomotives, 
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From this point of view three-phase locomotives would be far 
superior to the others, as their weight would be considerably less, 
being something like 30 kg. per horse-power. The lightest single-phase 
locomotives that have been built, at least in America, weigh more 
than 60 kg. per horse-power. 

In the United States the question primarily occupying the attention 
of manufacturers and the railway companies is what method of drive to 
adopt for the motor axles. The three American companies which have 
locomotives in service capable of hauling express trains, namely, the 
Pennsylvania Railway, the New York Central Railway, and the New 
York, New Haven, and Hartford Railway, have employed radically 
different methods, viz. connecting rods, a direct drive, and a drive 
through gear and a hollow shaft. These arrangements have frequently 
been described in detail in the technical Press, and need not be con- 
sidered here. It will suffice to say that the use of bogies for weight. 
carrying purposes only, with the object of ensuring stability in running 
and easy negotiation of curves, is an unfortunate necessity which it 
appears to me should be excluded at all costs. 

The obtaining of high-speed locomotives with total adhesion and 
as light as possible seems to me to be the vital problem of main 
line traction. The New York Central Railway and the General Electric 
Company are actually experimenting with 2,400-h.p., 600—1,200-volt 
total-adhesion locomotives having 8 two-pole 300-h.p. motors suspended 
by their field magnets and with the armatures built direct on the axles. 
These motors, which will be coupled two in series in the case of a 1,200- 
volt track, are similar as regards their arrangement and construction to 
the existing locomotives of the New York Central Railway having a 
direct drive. The reduction of the polar arc, a large air-gap, and a 
strongly saturated field, allow the motors to operate without sparking 
at all currents, and the driving-wheels to slip without inconvenience ; 
these wheels, moreover, are only loaded to about 12:5 tons per axle. 
This locomotive is articulated throughout, the single body resting on 
two two-axle trucks, each fitted with a bogie. The total length is 13:9 
metres, and the distance between buffers 16:825 metres. The manu- 
facturers hope, in spite of the very low height of the centre of gravity 
above the rails, to obtain satisfactory running without dangerous oscil- 
lations at high speeds. This arrangement of the motors, which is 
extremely useful from the point of view of repairs and maintenance, is 
from a mechanical point of view the exact opposite of that chosen by 
the Pennsylvania Railway. Only experience will show what is the 
relative importance of the advantages and disadvantages of each type. 

The Pennsylvania Railway have been making during the last few 
years some exceedingly interesting tests with a view to determining the 
best arrangement to adopt for driving electrically the axles of the 
powerful locomotives which they propose to build. The company 
propose to measure the lateral force to which the rails are subjected 
at the moment when heavy locomotives of various types are passing 
at various speeds. For this purpose the running rails have been 
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mounted on specially prepared chairs capable of displacement at right 
angles to the direction of the track, and in doing so bearing upon or 
pressing a point of hard steel on a fixed block carrying an indicator 
of soft steel. If a lateral blow is produced on the rail, the point digs 
into the indicator and the dimensions of the dent enables the amount 
of the shock to be determined. It is, in short, an application of 
Brinnel’s method on test planes of known hardness. It is thus 
possible to plot a curve showing the lateral reactions of the locomotive 
wheels on the rails. 

In steam locomotives having a very high centre of gravity and of 
which the axles are arranged unsymmetrically, the shocks are feeble 
and distributed in an irregular manner throughout the length of the 
track, the highest value corresponding with a steady force of about 
2,400 kg. With electric locomotives having a low centre of gravity 
the conditions are no longer the same, and it is proved that not 
only are the blows much more violent but they are produced at a 
regular frequency, showing that resonance is present. With an 
experimental electric locomotive of the “ Gearless" type the maximum 
blows corresponding with a steady force of 12,000 kg. in the case of 
locomotives with gear were still dangerous, and of the order of about 
6,000 or 7,000 kg. In view of these purely experimental results the 
Pennsylvania Railway have decided to construct for themselves in 
their works at Altoona locomotives with a very high centre of gravity 
and to keep as much as possible to the method of drive employed in the 
steam locomotives of the type called “American.” These locomotives 
are formed in two parts, each part’ carrying four driving wheels 
and a supporting bogie. The axles of the wheels are driven through 
connecting rods, cranks and intermediate shafts by a 1,000-h.p. 
motor. 

On test, the machines have given satisfactory results from the point 
of view of running, but always infcrior to those of steam locomotives 
having the same arrangement of wheels. There is still a tendency for 
oscillatory movements to be formed, but the force of the maximum blow 
rarely exceeds 5,000 kg. We thus see that in America, as in Europe, 
those railway companies who themselves make a study of electric 
locomotives seem to prefer the connecting-rod drive which proves so 
satisfactory for steam locomotives. The method of driving the wheels 
through a hollow axle and springs, used by the New York, New Haven, 
and Hartford Railway, appears to operate as satisfactorily as it has done 
on the French and Italian State Railways, where it has also been used ; 
there is no reliable experience, however, as to the working of this 
method at high speeds and large powers, and I do not therefore know 
the cost of maintenance and repairs which it involves. I can only state 
that on all those systems where it has been adopted lengthy trials 
have been necessary. 

To sum up, it seems to me that it is still impossible to consider the 
problem of the electrification of main lines either in America or Europe 
from an entirely. financial or economic point of view. A large number. 
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of technical problems, which I have only outlined here, are still 
waiting a definite solution—perhaps in the case of some problems on 
account of the multitude of solutions. Experience will alone enable us 
to decide between them. 


MOUNTAIN RAILWAYS. 


Numerous researches have been made in the United States with 
the view of applying electric traction to mountain railways, but I only 
know of a single completed installation. It must be borne in mind 
that such construction has only been adopted with a view to avoid- 
ing the dangers which steam traction presents in long tunnels. The 
installation in question is that of the Cascade Tunnel of the Great 
Northern Railway. It is probable that other important electrifications 
of railways having steep gradients will be carried out shortly. The 
Southern Pacific Railway has just entrusted the General Electric 
Company with the complete installation of electric traction on a long 
mountain line near Denver. Оп this line high-tension continuous- 
current locomotives will be used, whilst for the Cascade Tunnel* a 
three-phase system was employed. 

The advantages offered by electric traction on mountain lines are 
of the same nature as those I have pointed out for suburban lines. 
The problems are very similar, since in both cases a large draw-bar 
pull must be obtained at a comparatively low speed, but whilst the 
working of suburban lines seems to tend more and more towards 
motor-cars, the operation of mountain lines calls for two or three 
locomotives in the case of long trains. 

The construction of locomotives of a low speed and large power no 
longer seems to offer any particular technical difficulty, either with 
continuous-current, three-phase, or single-phase motors. Nevertheless, 
very important applications have been carried out, both in America 
and in Europe, on the three-phase system. There are a large 
number of three-phase locomotives capable of giving 2,000 h.p. and 
above. The 2,700-h.p. locomotives which the Bernese Alps Railway 
are having built for the Lótschberg Tunnel will be the first large 
single-phase locomotives at a frequency of 15 cycles to be used 
for a mountain railway. The power developed by these three-phase 
or single-phase locomotives is relatively high for their weight. The 
100 Italian three-phase locomotives in service on the lines at Giovi and 
Modane, in which all the weight is utilized for adherence, weigh only 
бо tons for an output of 2,000 h.p. at the one-hour rating and a speed 
of 45 km. per hour, which represents a weight of 30 kg. per horse-power. 
Each of the 5 single-phase locomotives for Lótschberg will apparently 
weigh 108 tons, of which 9o tons is available for adherence, and give 
2,700 h.p. at the one-hour rating and 45 km. per hour, that is to say, 
they weigh 40 kg. per horse-power. 


* The Great Northern Railway electrified in 1909 some 10 km. of line on either 
side of the Cascade Tunnel, which is 4:5 km. long and has a gradient of 177 per cent. 


550 PARODI : RAILWAY ELECTRIFICATION (21st May, 


The 2,000-h.p. American locomotives for the Cascade Tunnel are 
less powerful for their weight, viz. so kg. per horse-power. Owing 
to their low speed, 25 km. per hour, their heavy weight, 102 tons, is 
necessitated by considerations of adherence. 

I shall not refer to the numerous continuous-current locomotives 
with total adhesion which have been constructed in America for 
shunting, and are capable of developing a large draw-bar pull, and 
which weigh only 30 to 40 kg. per horse-power. To sum up, we see 
that the construction of very powerful electric locomotives for 
mountain railways is not only possible, but that such locomolives 
can make use of the whole of their weight for adhesion (at any rate 
in the case of continuous-current and three-phase locomotives) The 
electrification of a line having steep gradients thus seems under these 
conditions to be purely an economic and financial problem. It would, 
moreover, be very interesting to compare from this point of view the 
various systems of electric traction that are available. Unfortunately 
I do not possess any exact figures of the financial results obtained on 
actually electrified lines, as these have been in operation for so short 
a time. | 

In the absence of working results I can only set out here the 
principal arguments put forward by American engineers in favour 
of the electrification of lines having steep gradients ; the most interest- 
ing appear to me to be those relating to the increased capacity of a 
line due to the use of electric locomotives, and those relating to the 
cost of working. 

Carrying Capacity of a Mountain Railway.—In order to show the 
effect that the system of traction can have on the carrying capacity 
of the line, I propose to give a concrete example, the figures of which 
are taken from a recent investigation by Mr. de Muralt. 

À line with a gradient of 30 mm. per metre is worked by a train 
having as great a weight as possible; the train is hauled by steam 
locomotives or electric locomotives of various types, of which the 
operating characteristics are shown in Fig. 3. The maximum pos- 
sible load is calculated for each type of locomotive, the traiu resistance 
being estimated from American experience, and in particular that of 
Mr. Hutchinson in connection with the Cascade Tunnel. 

I have taken for comparison the “Mallet” steam locomotive of 
226 tons weight, the “ Consolidation " steam locomotive of 172 tons, and 
an electric locomotive having all its weight available for adhesion 
and comprising two tractors coupled together, giving an adhesion of 
160 tons. 

Àn examination of the characteristics of the electric and steam 
locomotives shows that the great difference between the two systems 
always lies in the extent to which the weight of the locomotives can be 
utilized : whilst with electric traction the maximum draw-bar pull 
allowable with the given adhesion can be made use of up to a speed 
of about 35 km. per hour, with steam locomotives of the types con- 
sidered the maximum pull can only be maintained up to speeds of 
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б km. and r2 km. per hour respectively. The critical speeds given by 
Mr. de Muralt appear to me to be low, and it is certain that with super- 
heating it is possible to obtain, especially with the “Mikado” or 
“Mallet” locomotive, much higher powers than those shown in Fig. 3. 
In all cases the curves of Mr. de Muralt have been exactly reproduced, 
because the increase of power brought about by recent improvements 
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to steam locomotives appear to me to be counterbalanced by the smaller 
use that can be made of these locomotives owing to the cleaning 
necessary, the frequent stoking of the fires, and the necessity of 
replenishing the water and fuel supplies. 

Whatever view is taken, however, it must be admitted that a loco- 
motive weighing 160 tons should develop about 5,000 h.p. (1 h.p. per 
33 tons), and should be able to haula load of 1,100 tons at a speed of 
32 km. per hour up a gradient of 30 mm. per metre. 

It should be noticed here that the Cascade Tunnel trains weighing 
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2,100 tons are hauled by three electric locomotives, each of 102 tons 
weight, one being placed at the front and two at the back of the train ; 
that is to say, each locomotive of 102 tons weight hauls a load of 700 
tons, the proportion between the weight of the locomotive and the 
weight hauled being practically the same as in the example chosen. 

The curves in Fig. 4 show, as a function of the over-all speed, the 
hourly capacity in ton-kilometres of the line considered, the values 
being deduced from the curves of Fig. 3. An examination of these 
curves shows that with electric traction it would be possible in this 
special case to deal with a traffic two or three times greater than that 
possible with steam traction. 
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Without wishing to give to these coefficients an importance which 
does not belong to them, it can be said that, in spite of the high price of 
electric locomotives (which for equal weights are about со per cent 
more expensive than steam locomotives), the first cost to deal with a 
given traffic will probably be much less for electric traction than for 
steam traction. 

Working Expenses. —The working expenses for steam locomotives on 
lines with heavy gradients are exceedingly high, owing to the very 
inefficient use made of the locomotives, and also owing to their rapid 
depreciation. The staff is also inefficiently employed, and a large 
number of special workmen, such as brakesmen * (one to each four 
wagons in France), is required. 

* [n America, due to the use of a continuous brake and the system of pushing the 


trains by one or two extra locomotives placed at the back, the number of brakesmen 
required is much smaller than in Europe. 
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The working expenses increase rapidly as thc gradient becomes 
steeper, and Fig. 5 shows fairly accurately for each gradient the cost 
of working per тоо ton-kilometres. Thiscurve is taken from tests made, 
I believe, by the engineers of the General Electric Company on the 
Cascade Tunnel line, and described by Mr. Armstrong at a meeting of 
the American Institute of Electrical Engineers in 1907.* 

I have intentionally omitted from the figure the scale of cost ; the 
absolute values depend too much on variable factors, and it is only the 


Net cost per гоо Lon-Alomecres. 


5 15 
Gradient m millimetres per metre 
FIG. 5. 


relative values that are interesting. But I may say that the tests which 
we have made on a few European lines have given results which agree 
with those shown in Fig. 5, in spite of the very different conditions which 
exist in France and in the United States as regards the cost of fuel 
and labour. 

On the same figure I have added for electric traction two curves 
giving, for two different values of the cost of electrical energy, the 
probable cost of working per 100 ton-kilometres. 

These curves are only of interest as regards their general form, 


* Transactions of the American Institute of Electrical Engineers, vol. 26, p. 1643, 1907. 
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which indicates that, as the weight increases, the cost of steam traction 
rises much more rapidly than in the case of electric traction. The cost 
of maintenance and repairs of electric locomotives does not seem to be 
directly affected by the gradient; that is to say, by the draw-bar 
pull used. There is thus a certain weight above which electrical 
working ismuch more economical than steam working ; but whilst it is 
impossible to give a general idea of the value of this gradient, its 
existence is certain. 

In order to determine in practice the economy due to the use of 
electricity, other considerations must be brought to bear on the question, 
and all the consequences arising from a change in the system of 
traction must be taken into account. In conclusion, I shall draw atten- 
tion to one of the most interesting consequences of electrification. After 
the electrification of the Giovi Tunnel, near Genoa, in Italy, a notable 
decrease in the cost of track maintenance was noticed, due to a reduc- 
tion in the wear of the running rails and the brake gear. Three-phase 
working indeed allows, owing to the powerful braking provided by 
automatic regeneration, of the descent of the long gradients of 35 mm. 
per metre almost without fhe application of mechanical brakes. The 
saving in upkeep and repairs to the track—particularly the down track— 


appears to be sufficient to pay for a considerable part of the initial cost 
of the electrification. 
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THE ELECTRIFICATION SCHEMES OF THE 
CHEMINS DE FER DU MIDI. 


By E. J. JULLIAN. 


(Paper read in Paris at a Foint Meeting of THE INSTITUTION with the Société 
Internationale des Electriciens, 21st-24th May, 1913.) 


The substitution of electric traction for steam traction on a network 
of railways, that is to say its electrification, is a costly operation full 
of difficulties which, when examined from ап industrial and 
economical point of view, does not alway appear to be advantageous, 
and everybody is agreed in recognizing that its desirability depends 
only on the conditions prevailing in each separate case, and on the 
financial result to be expected from the operation. 

The difficulties of the problem are, when summed up, of an order 
economical rather than technical, and it can be said that the principal 
question on which engineers are in actual disagreement, viz. the 
nature of the current to be employed, derives its principal interest 
from the economic results which can be anticipated with the com. 
peting systems. 

It is by experience only that a knowledge of the most favourable 
circumstances for the electrification of a system can be acquired, 
and for this reason it is desirable that attempts of this kind should 
be numerous. 

Up to the present time these tests have only been undertaken 
on systems of short length, or on urban undertakings with excep- 
tional traffic ; all the circumstances favourable for an attempt on a big 
system had not yet presented themselves, and there was reason to fear 
that for a long time there would be a lack of information on the results 
which would be obtainable from electrification. This deficiency 
is about to be remedied in part by the electrification which the 
Compagnie des Chemins de fer du Midi (Midi Railway Company) has 
undertaken, and it is with this important work that it is proposed to 
deal. 

A few words may first be devoted to a consideration of the circum- 
stances which led up to electrification ; after this the technical arrange- 
ments for carrying out the work will be dealt with. 

Reasons for Electrification.—For the last ten years special conditions 
have led the Midi Railway to introduce electric traction upon one section 
cf its system. These circumstances arose when the request was 
rcceived from the State, about the year 1902, that the company should 
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undertake the working of the lines to be constructed in the neighbour- 
hood of the Pyreriees, and of which the route might involve curves of 
a radius less than зоо metres, and even as small as 80 metres, and 
gradients occasionally as steep as 80 mm. per metre. Thus, whilst the 
company was formed for the development of railways of the ordinary 
type, the State made it accept a specification which among other 
clauses specified that the lines in question should not contain curves of 
radius less than 300 metres and gradients steeper than 15 mm. per 
metre. These conditions as regards the track were fulfilled for the 
first lines, which were constructed of the standard design in the less 
hilly sections, but they could no longer be worked to when the system 
was extended. It has frequently been necessary to modify the con- 
ditions set out in the specifications, and each modification has involved 
a new agreement; but up to the year 1912 no curves of less radius 
than 300 metres or gradients steeper than 33 mm. per metre have been 
encountered. | | 

The route of the lines in the neighbourhood of the Pyrenees first 
drawn up by the State differed considerably from that set out in the 
specification and the previous agreements, by which the Midi Railway 
undertook to work the lines on the conditions previously accepted by it. 
The company brought these new circumstances to the notice of the 
State, and the latter was willing to discuss with the company the con- 
ditions to be introduced in a new agreement. It was agreed from the 
beginning that since lines with steep gradients were in question 
electric traction was a possible solution, and that if this were adopted 
the State should contribute to a certain extent to the cost of gene- 
rating and distributing the electrical energy required. 

After discussion the two parties came to an agreement which may 
be summarized as follows : For all lines constructed with curves of a 
radius less than 300 metres and with gradients steeper than 33 mm. 
per metre, the Midi Railway can consider the adoption of electric 
traction, and iin that case the State will provide the hydraulic energy 
necessary for the generation of the current required for traction, and 
will also be responsible for the cost of transmitting and distributing 
the electrical energy. The company will provide the hydraulic and 
electrical machinery, as well as the traction equipment. This arrange- 
ment has been the basis of the agreements which are about to be 
discussed, and of the electrifications undertaken by the company. 


PROJECTED ELECTRIFICATIONS. 


This arrangement was first applied in the agreement of 5th Decem- 
ber, 1902, relating to the construction of the Cerdagne line (Villefranche- 
Vernet-les-Bains to. Bourg-Madame) ; this line comprises numerous 
curves of 80 metres radius and gradients which might have reached 
80 mm. per metre, but which have been reduced to 60 mm. per metre 
during the carrying out of the work. 

The second application of this arrangement was in the agreement 
of 2nd June, 1907, relating to the development of the transpyrenean 
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lines from Aix-les-Thermes to Puycerda, from Saint-Girons to Salau, 
and from Bedous to Aranónes (via Camfranc). These lines comprise 
curves of 200 metres radius, gradients of 43 mm. per metre, and long 
tunnels. 

Finally, this arrangement has been adopted in the agreement of 
4th July, 1908, for the working of the lines to be constructed in the 
neighbourhood of the Central Pyrenees, which lines ought to become 
the feeders of the main lines from Toulouse to Bayonne. These lines 
consist of those from Lannemezan to Auch, from Tarbes to Castelnau- 
` Magnoac, from Arreau to Saint-Lary, and from Pau to Hagetmau ; 
they include curves of 200 metres radius and gradients of 43 mm. 
per metre. 

It follows, from what has been said above, the Midi Railway had 
only to consider electric traction for the new lines. But whilst dis- 
cussing the agreement of 4th July, 1908, the State informed the com- 
pany of the difficulty which would be experienced in obtaining at a 
reasonable cost the hydraulic energy necessary for electric traction on 
the line from Pau to Hagetmau, which being at some distance from 
the section comprised by the three first lines could not be supplied 
from the power station constructed for those lines. The company 
was, however, able to solve this difficulty by arranging for the electrifi- 
cation of that part of their system which was being worked in the 
neighbourhood of the lines to be constructed. The advantages of co- 
operation will now be explained. 

In the course of their investigation of the conditions for con- 
structing the hydro-electric station at Eget, from which the State 
proposed to furnish the electrical energy for the lines from Lanne- 
mezan to Auch, from Arreau to Saint-Lary, and from Tarbes to 
Castelnau, the engineers of the company had recognized that the 
installation would not utilize all the energy available in the catchment 
area of the works, and that it would be possible, for a small extra 
expenditure, іо make use of about twice the amount of energy first 
contemplated. Moreover, the electric transmission for conveying 
the energy for the new railway, having to follow for a consider- 
able distance the route of an important section of the company's 
lines, could without any increase in the expenditure be used to feed 
that section if it were electrified. 

The extension of the electrification to one section of the existing 
railway system was then considered, and this led to the conclusion 
that the electrification of the lines from Montréjeau to Pau and of 
its branches to Luchon, Arreau, Bagnéres-de-Bigorre, Pierrefitte, and 
Buzy was technically possible on condition that at the station at Eget 
18,000 h.p. was available, and that there was provided at Soulom, at the 
junction of the falls of Pau and Cauterets, a second station of equal 
power, which power the water in the catchment area was capable of 
furnishing. It was recognized, moreover, that the operation would be 
profitable, not only due to a possible saving in working expenses, but 
chiedy on account of the facilities which it would give for the 
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working of trains on steep gradients, notably on an up-grade of 
33 mm. occurring between Tournay and Capvern, where electric 
traction would result in a gain of 30 minutes in a journey of 12 km. 

The convention of 4th July, 1908, imposed on the State the 
cost of the hydraulic works and the power station at Eget, and the 
whole of the expense of the transmission lines and of the conductor 
system of the new railway, and, in the case of the Soulom power 
station, provided that the State should contribute to the cost, fro rata, 
according to the energy supplied to the line between Pau and 
Hagetmau. 

When all the lines comprised in these two agreements are working, 
the Midi Railway will have a system of 622 km. of electrified lines, 
of which 112 will be double track; that is to say: 


Lines actually working is .. 327 km. 

Line under the agreement of ath July, a 227 5, 

Transpyrenean lines ... i 68 ,, 
Total ... з T .. 622 km. 


Electrification, which is thus indicated by what has been said 
above, is justified by the very great economy to which it will give 
rise. Itis also justified by the special conditions of the system. 

The lines to be constructed include heavy gradients, and it is the 
latter which have largely brought about the agreements that have 
resulted in electrification. The lines in operation which are to be 
electrified are at the foot of the Pyrenees and often penetrate into 
valleys with steep gradients. The majority of the gradients, however, 
lie between 15 and 32 mm. per metre, the speed not exceeding 70 km. 
per hour, except upon those sections of the lines in the immediate 
vicinity of Pau, where the average speed is about 60 km. per hour. 
These lines provide an excellent opportunity for the successful 
adoption of electric traction; moreover, during part of the year 
these lines carry a very heavy passenger traffic, for which electric 
traction will offer some advantages. 

Another electrification has been undertaken for other reasons; 
this is the line from Perpignan to Villefranche in the Eastern 
Pyrenees. 

In r9g1r1 the company equipped this line electrically for a length 
of 24 km. in order to make some tests in view of the electri- 
fication of the Central Pyrenees line. For these tests a small sub- 
station was established at Villefranche, the three-phase current of 
25 periods furnished by the works which supply the Bourg-Madame 
line being transformed into single-phase current of 16:6 periods and 
I2,000 volts. 

Owing to the fact that the outlay for these tests has already been 
incurred, and that the volume of mineral traffc on this line is 
constantly increasing, electrification will prove advantageous. 

The company has also had in view the extension of the electrifica- 
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tion of other parts of its system by prolonging the lines which have 
just been enumerated; these are the sections from Toulouse to 
Montréjeau, from Pau to Puyóo and probably to Bayonne, from 
Toulouse to Aix-les-Thermes with branches, which are all actually 
under consideration. The electrification from Toulouse to Montréjeau 
will be of advantage when the section from Montréjeau to Pau has 
been electrified. It will ensure the journey from Toulouse to Pau and 
also to Puyoo being made by one and the same locorftotive, as is now 
done, and will make the fullest use of the locomotives and the staff. 

I now propose to consider the arrangements which have been made 
for this electrification. 

Cerdagne Line.—This line has been in operation since the middle 
of the year 1910. Continuous current at 850 volts is used for traction, 
and is conveyed along the track by a steel rail situated outside the 
running rails. This electrification will not be considered in the 
present paper, as many descriptive articles have appeared in 
the Press. 

Lines referred to in the Agreements of 1907 and 1908, and those from 
Perpignan to Villefranche.—The electrification of the lines now under 
construction was commenced two years ago. The company hopes 
to start electric traction upon the lines from Tarbes to Pau, Lourdes 
to Pierrefitte, and Perpignon to Villefranche, before 1st January, 1914. 

Single-phase current at 16 periods and 12,000 volts has been adopted 
for the line. To justify this choice it must be remembered that the 
scheme for the electrification was got out in 1907. At that time only 
alternating current could be considered for the electrification of a 
system which was likely to be extended. High-voltage continuous 
current had then only been employed to a limited extent, and still less 
than to-day was it possible to place much reliance either in the con- 
struction of the motors or in the economic advantages of this method 
of traction. 

The engineers of the company were of opinion that they could 
not consider the use of three-phase current owing to the difficulties in 
the equipment of big stations and the want of a series of speeds 
suited to the schedules of the trains. Single-phase current was the 
only remaining choice. Its frequency was fixed at 16 periods in 
order to secure the best working conditions for commutator motors 
of the series type. The engineers further were of the opinion—and 
experience has justified them—that repulsion motors would not be 
suitable for working on so variable a load as electric traction. 

The pressure on the working line was fixed at 12,000 volts for 
economic reasons ; it is sufficiently high to allow the sub-stations to 
be spaced sufficiently far apart, but it is not high enough to lead to 
appreciable insulation difficulties. 

It is intended to distribute energy by means of single-phase 
current at a pressure of 60,000 volts. The alternators at the station 
will generate current at 6,000 volts; the transformers will raise this 
pressure to 60,000 volts, and in the sub-stations the pressure will be 
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stepped down to 12,000 volts for the supply of the overhead con- 
ductors. The distribution by means of single-phase alternating current 
is justified from the standpoint of economy. Single-phase generators 
cost, it is true, much more than three-phase generators, but, on the other 
hand, the high-tension single-phase equipment at the power station, 
including the transformers, is cheaper than three-phase equipment. 
The single-phase transmission line, consisting of only two wires, costs 
less than the three-phase line. Finally, and most important, the sub- 
stations contain static transformers only. Taken altogether, the 
advantage appears to be on the side of single-phase distribution. 


ELECTRICAL EQUIPMENT OF THE TRACK, 


In the experimental line from Villefranche to Vernet-les-Bains six 
types of overhead equipment have been established: four of these 
belong to the simple catenary type, one to the double catenary, and 
one to the rigid type. The spans are 100 metres, 60 metres, or 50 
metres, and the longer sections are provided with compensating 
arrangements. 

The supports for the overhead equipment consist either of reinforced 
concrete or lattice poles, or are built up of old rails fastened together 
by fishplates of a type adopted years ago by the company for use at 
stations. It is clear from these tests that the simplest overhead equip- 
ment is the best, for almost all accidents are due to the faulty working or 
breaking of apparatus introduced to obtain a better compensation or 
a greater flexibility for the line, and the efficacy of such apparatus is in 
general very doubtful. To be precise, on the lines comprising fairly 
numerous curves of a radius lying between 350 and 800 metres, and 
worked over by trains at speeds of between about 75 to 80 km. per hour, 
but not exceeding 9o km. per hour, the choice should fall upon the 
simple uncompensated catenary type for spans of between 5o to 
60 metres, and with pull-offs on the curves to bring back the overhead 
conductor towards the centre of the track when necessary. The 
catenary cable should in this case invariably be anchored to the 
insulator at each bracket. 

As for the poles, those made of reinforced concrete are too expen- 
sive and owing to their weight too difficult to erect for linesin operation. 
The “ Midi” type of pole, composed of old rails fastened together, is 
very suitable for single-track lines, even if it has to support high-tension 
cables, provided that these cables are spaced symmetrically with 
reference to the axis of the pole. They cost very much less than other 
poles, are easy to erect, and do not sensibly obstruct the view. 

For a double track with high-tension cables the * Midi" pole made 
up of rails is not sufficiently strong, and lattice-poles must be used. 

As a result of the above, the equipment of the tracks on the Central 
Pyrenees line will be as follows :— 

From Montréjeau to Pau, double track and high-tension feeders, 
lattice poles with gantries for carrying the simple catenary and high- 
tension overhead conductor, spans 50 to бо metres. 


High-tension Equipment for Two Tracks (Midi Railway). 
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Оп the branch lines, old rail poles, simple catenary, maximum 
span 50 metres. 

On the Arreau and Pierrefitte branch lines, which are single 
track, with power stations at the termini, the old rail poles carry a 
framing to support the insulators for the high-tension line. The over- 
head conductor is of red copper, 100 square millimetres in cross- 
section, of circular section, grooved for taking the suspension clamps. 

The high-tension transmission comprises two lines, usually in 
parallel, each consisting of two aluminium cables, which have 131 
square millimetres cross-section on the branches from Arreau to 
Pierrefitte, and 81 square millimetres cross-section on the other lines. 

The insulators are of porcelain on the line from Lourdes to Pierre- 
fitte, and of glass everywhere else. The high-tension insulators have 
been tested to 150,000 volts, and those for the overhead conductor 
at 45,000 volts. 

Opposite each pole, to ensure that the rail shall not have a high 
potential above earth, the track rail and the pole are connected 
together and to earth. The rail joints are copper bonded. 

At the railway station the overhead equipment is suspended from 
arms carried on old rail poles. This method of construction is cheap, 
and causes minimum obstruction either to the traffic or the view. 
Horn-type switches are placed at each end of the stations for isolating 
the overhead conductors in the station, if necessary ; these are hand 
operated. The high-tension lines do not in general cross the stations, 
they go round them. On branch lines the cross-section of the over- 
head conductor is reduced to 50 square millimetres. In the large 
stations,; where employés may have to walk on the carriage roofs, 
insulated sections are provided above the tracks on which trains stand. 
These sections can be put in or out of circuit by means of switches 
grouped in a pillar near the office of the head inspector. This pillar 
is connected to the general circuit at 12,000 volts through an oil 
switch, which must be opened before the track isolating switches can 
be operated. Although there are two operations to be carried out, 
isolating the section can be effected in an exceedingly short time. The 
track equipment is not yet completed on all the electrified sections, 
but the cost can be determined from the equipment of the lines from 
Lourdes to Pierrefitte and from Tarbes to Pau. 

On the first section, which is a single track 21 km. long, with a 
high-tension transmission line, the total cost amounted to 410,000 fr., 
including the equipment of the station sidings, except those at Lourdes, 
and all accessories, but this amount does not include the cost of pre- 
venting any possible disturbance to the State and railway telegraph and 
telephone systems which might be brought about by the electric traction 
currents. The equipment works out then at 19,500 fr. per kilometre. 

On the section from Tarbes to Lourdes (double track with high- 
voltage transmission of which the length is 21 km.) the cost of equip- 
ment reaches 450,000 fr. under the same conditions as those above. 
The equipment works out in this case at 21,500 fr. per kilometre. 

VoL. 61. 86 
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On the section from Lourdes to Pau, where the equipment differs 
from the preceding section, lattice poles having been used instead of 
poles of old rails, the equipment per kilometre will work out at 
an appreciably higher figure. 

The cost of equipment of large railway stations is not yet known ; 
this will vary with each station in accordance with local conditions, 
and consequently is of less interest. 


GENERATING STATIONS AND SUB-STATIONS. 


For the Central Pyrenees there will be two generating stations : 
one at Soulom at the junction of the two streams of the Pau and 
the Cauterets, the other at Eget in the valley of the Neste. 

For the transpyrenean lines there will also be two generating 
stations, one for the transpyrenean line from Aix-les-Thermes to 
Puycerda situated at Porte on the southern slope of the Puymorens 
ridge; the other for the Canfranc transpyreneare line will be situated 
at the junction of the Sousouéou and the Ossau streams. 

Finally for the line between Perpignan and Villefranche the 
generating station will be at Fontpédrouse on the Tét River, about 
8.5 km. downstream from the La Cassagne station ; this station can 
be assisted, if necessary, by the station erected for the early tests 
at Villefranche. 

At the station at Soulom the work is in the most advanced state. 
Water is used from two independent sources having different hydraulic 
heads : 115 m. for the Pau fall and 250 m. for the Cauterets fall. No 
regulating penstock has been constructed on these watercourses, but 
their volume is such that the continuous power which they can 
furnish amounts to a total of 10,300 h.p. This power, thanks to the 
large reservoirs constructed at the head of the pipe lines, may reach 
18,000 h.p. for periods depending obviously upon the overload, and will 
be sufficient to ensure the train service. 

The station contains six generating sets (three for each stream) of 
3,500 h.p. each, and able to take 25 per cent overload for 30 
minutes, The sets consist of a turbine of 3,500 h.p. and a single-phase 
alternator of 3,000 k.v.a. generating current at 6,000 volts, 16:6 cycles. 

These turbines, of which each has its own pipe line, are of the 
Francis type for the fall at Pau, and of the Pelton type for the 
fall at Cauterets. The first drive their alternators at a speed of 
500 revs. per minute, the others at a speed of 330 revs. per minute. 

The station also contains four continuous-current generating sets 
for the excitation of the alternators and auxiliary services for the 
station. Each set consists of a turbine and a dynamo of 235 kilowatts 
output. The turbines of two of these sets use the water from the fall 
at Pau, and those of the other two water from the fall at Cauterets. 
The four turbines are of the Pelton type. Each generating group 
is connected to a transformer which raises the pressure to 60,000 
volts. At all times the arrangements are such that it is possible to 
connect any transformer to any alternator. Ап oil-switch connects 
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each transformer to the 60,000-volt busbars. The switch is capable 
of breaking a current of 600 amperes. 

The 60,000-volt busbars are divided into two sections. One 
section is usually fed by the sets driven by the Pau fall, the other 
by the sets driven by the Cauteret fall. They can be interconnected 
through an oil-switch. 

The four transmission lines leaving tne station are protected by 
a large choking coil, an electrolytic lightning arrester, and a water-jet 
discharger. 

Switchgear control is effected through a desk-type board for the 
high-tension supply and by a vertical panel board for continuous 
current. "These two switchboards are placed on a gallery erected 
in the middle of one of the large walls of the station. А Tirrill 
regulator is mounted on the switchboard to keep the voltage constant in 
spite of the very considerable variations in load on the high-tension line. 

The station is provided with a 40-ton overhead travelling crane 
in the engine room, a pit into which the transformers can be 
lowered for inspection, and finally the apparatus necessary for the 
purification and drying of the oil for the transformers and switches. 

The station is under the control of six men, including the superin- 
tendent. These men are housed in a small village built a short distance 
away from the station, and they can get to their work quickly. 

The works in connection with the Pau fall are in an advanced 
state, and the generating sets will probably be started during 
the course of May next. 

The corresponding sets worked by the Cautcrets fall will be erected 
at the same time, and the station could then give its full power, 
but owing to difficulties in the purchase of land and riparian rights 
the hydraulic works have been somewhat delayed, and this part of the 
station will not be at work before 1914. 

It will not be possible to know exactly tbe cost per horse-power 
installed until the pipe lines for the Cauterets fall are laid. It appears 
that this cost will work out at about 400 fr., 340 fr. for the hydraulic 
equipment, and 6o fr. for the machines. 

The station at Eget has not yet been started. The State has only 
carried out some of the necessary works for the dam, which will store 
from 7 to 8 million cubic metres in the Oule catchment area. 

From the preliminary survey as to the energy obtainable in this 
area from the available water supply, the station will have an output 
of about 18,000 h.p. There will be four 5,000-shaft h.p sets of which 
one is spare. This station will be similarly equipped to the station at 
Soulom, being of about the same power. 

It would be possible to increase the output of this station very con- 
siderably by supplying the turbines during part of the year with water 
from the lake of Orédon, provided for the regularization of the water 
from the Neste. Тһе works would be neither difficult nor costly, 
and negotiations with the Minister of Agriculture, who is directly 
interested in the question, have already bcen started. 
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The stations at Eget and Soulom could work in parallel on the 
high-voltage line from Montréjeau to Pau. Actually they will not 
work in this way, for parallel operation would present serious diffi- 
culties. Each line will supply the energy for a separate section, but the 
point of division will vary during the day and during the year in such 
a way that the load is about equally divided between the two stations. 

Sub-slalions.—The sub-stations will be five in number, and are 
placed at Montréjeau, Lannemezan, Tarbes, Lourdes, and Pau. 

Their normal output is 2,500 k.v.a.; they will have an overload 
capacity of 3,750 k.v.a. for one hour, and of 5,000 k.v.a. for one or 
two minutes. 

There are three transformer groups in each sub-station, of which 
one is spare; each group includes a high-tension oil-switch, able to 
break 600 amperes at 60,000 volts, a transformer of 1,250 k.v.a. with 
one low-tension terminal earthed for stepping down the pressure from 
60,009 to 12,000, and a low-tension oil-switch. 

At the sub-stations of Montréjeau, Tarbes, and Pau, where water is 
available for cooling the oil, each transformer is constructed for an 
output of 1,250 k.y.a. ; at the Lourdes and Lannemezan sub-stations, 
where water is not available, the transformers are constructed for an 
output of 625 К.у.а., and they are grouped in pairs with their high- 
tension. windings connected in series and the low-tension windings 
in parallel. 

In the five sub-stations the apparatus comprises :— 


(a) Two 60,000-volt busbars connected with two high-tension 
feeders and protected by an electrolytic lightning arrester 
and a choking coil. 

(b) The transformer groups, with the current and pressure 
transformers necessary for the measuring instruments, 
and overload current circuit-breakers. 

(c) А 12,000-volt busbar. 

(d) The outgoing 12,000-volt lines, connected to the preceding 
busbar, with oil-switches and lightning arresters. 

(e) A desk-type switchboard carrying the measuring instruments 
and the levers for working the switches at a distance. 


For the internal requirements of the sub-station and for tbe lighting 
of the railway station single-phase to continuous current converter sets 
are installed. They supply continuous current at a pressure of 120 
volts, and their output varies with the requirements of each sub-station. 

The sub-stations at Lourdes and Lannemezan have in addition 
protecting devices for the high-tension lines coming from the power 
station. They comprise for each incoming feeder an electrolytic 
lightning arrester and a choking coil, and for the outgoing distributor 
an additional oil-switch and a choking coil. 

Outside tlie sub-stations, interconnecting gear for the overhead 
feeders is provided, one for each direction, through which all the 
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combinations desirable for the electric supply to the sub-station can be 
made. 

Generating Stations at Porté and Sousouéou.—Work on these power 
stations has not yet begun. The scheme, which has been worked out 
by the State engineers, is not sufficiently advanced to give particulars 
except in the case of the station at Porté, of which the hydraulic 
features are as follows :— 

А storage of 25 million cubic metres of water will be provided 
by the lake of Lanoux, at a height of 2,100 metres, in the Carlitte range, 
and this will allow a certain supply of at least 700 litres per second 
during the whole year. With a head of 500 metres, power to the extent 
of 3,500 h.p. will therefore be continuously available. This power will 
only be required for half the 24 hours, but may be more than doubled 
at certain times. 

This variation in the power required will be helped by the proposed 
reservoir of 5,500 cubic metres' capacity to be made at the head of the 
pipe-lines, which will ensure an extra 6,000 h.p.-hours being available 
at any time. 

Generating Station at Fontpédrouse.—The work at this station is as 
advanced as.that at the station at Soulom ; the station will be put to 
work towards the middle of next June. It will use the waters of the 
River Tét, coming immediately from the valley where the station at 
La Cassagne is placed, increased by the waters from an important 
stream, the Riberolle, crossed by the conduit. The minimum con- 
tinuous supply may be estimated at 1,500 litres per second, and 
as the minimum head is 175 metres the continuous power available at 
the shaft of the turbines is 2,600 h.p. This power may be increased to 
3,600 h.p. for an hour and a half by making use of the storage water 
available at the head works and in the reservoir. This reservoir 
contains 2,500 cubic metres and provides a stand-by of 1,000 h.p.-hours. 
The cost of the complete station will not exceed 250 fr. per horse-power 
installed. 

The station comprises two generating sets, each consisting of a 
two-stage turbine of the Pelton type, coupled toa single-phase alternator 
of 1,375 k.v.a. furnishing single-phase current at 163 cycles and a 
pressure of 13,500 volts, with an exciter on the end of the shaft ; the 
turbines and alternators are connected by a spring coupling, and run 
at 500 revs. per minute. 

The control of the supply is effected through a very simple 
switchboard. As there will be no transformer, two large choke 
coils have been provided in order to protect the alternators against 
surges on the line. A pressure regulator will ensure a constant voltage 
at Villefranche, even when the load on the overhead conductor varies 
within wide limits, The working staff consists of five men, of whom 
one is in charge of the station. А spare generating set has not been 
provided, owing to the existing installation at Villefranche, where there 
are two sets of 700 k.v.a. provided for the early tests. А third set of 
1,370 k.v.a. will be added to these two sets, so that the installation at 
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Villefranche will have approximately the same output as the station at 
Fontpédrouse. The busbars of the two stations are connected by a 
feeder composed of two aluminium cables, each of 131 sq. mm. 
cross-section, carried by the reinforced concrete poles for the high- 
voltage line of the Cerdagne railway. These arrangements were made 
so that the sets at Villefranche could be put in parallel with those 
at Fontpédrouse. The overhead conductor from Villefranche to 
Perpignan will be fed only from that end connected to the 12,000-volt 
busbars of the Villefranche station. 


ROLLING STOCK. 


The rolling stock will consist of locomotives and motor-cars. The 
locomotives are especially intended for the hauling of long goods 
trains coming from or going to non-electrified sections. The motor- 
cars are provided exclusively for branch lines and for trains working 
on the electrified section only. Chiefly for the purpose of gaining the 
necessary information to decide on the type of locomotives and motor- 
car, the Midi Railway in 1912 arranged for the tests already mentioned 
on the line from Perpignan to Villefranche. 

In these tests locomotives were employed capable of starting a 
400-ton * train on an up-grade of 11 mm. per metre, and in addition of 
hauling a train of 100 tons at a speed of 60 km. per hour, and a train of 
280 tons at a speed of 45 kin. per hour over the hilly section from Ille 
to Villefranche, which has long and numerous gradients of 17 mm. per 
metre and some even of 21 mm. On a down-gradient these loco- 
motives were able to deal, bv electric braking alone, with the same 
loads at speeds capable of being regulated by the driver between 
the up-grade speeds and one-half of those speeds. Electric braking 
can be obtained by returning the encrgy given out by the motors, 
either to the transmission (regenerative braking), or else to resistances. 

The motor-cars can haul over the above gradients a train of 
109 tons, motor-car included, at a speed of 65 km. per hour, and on 
the down-grade electric braking is secured under the conditions indi- 
cated above, but without always returning current to the line. 

Three of the locomotives tested satisfied the conditions imposed. 
These locomotives were constructed by the Ateliers de Constructions 
Electriques du Nord et de l'Est, by the French Thomson-Houston 
Company, and by the French Westinghouse Company. The motor-car 
constructed by this latter firm also satisfied the conditions. 

Time does not permit of entering into the details of these tests, 
which inoreover are not yet concluded. Precise information regarding 
the law of variation of the electrical quantities, such as efficiency and 
power factor, in terms of the speed and the load, has yet to be 
determined. With this object in view, tests will shortly be undertaken 
with the help of a dynamometer car containing all the necessary 
registering apparatus. There is no object in discussing preliminary 
results until the tests have been concluded. 

* By ton “ metric ton” is implied throughout. 
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It is also impossible in this brief paper to describe these locomotives 
indetail. The builders have, moreover, published sufficiently complete 
descriptions to which reference may be made; it is proposed here to 
give only very brief particulars. | 

All the locomotives have three driving axles and a leading axle at 
each end. 

The locomotive made by the “ Ateliers du Nord et de l'Est" belongs 
to a type known in America as “ Gearless.” The torque of the motor is 
transmitted to the wheel by a pinion keyed to the motor shaft and 
a spur wheel driving the axle through a spring coupling. 

This arrangement, demanding the use of at least one motor per 
axle, allows the power to be divided up among several motors, which 
simplifies their construction and also the design of the locomotive. But 
it has the drawback of lowering the centre of gravity of the locomotive, 
which results in punishing the track. И also requires the use of outside 
axle boxes, which, especially at high speeds, may cause derailments if an 
outside spring were to break. But it should be noted that from the 
experience gained on the New York, New Haven, and Hartford Rail- 
way with a large number of locomotives of this type, no very great 
importance need be attached to these drawbacks. 

The test locomotive weighs 86 tons, and current is taken from the 
line by two pantographs. This locomotive presents some interesting 
features from the electrical point of view. Control is effected by means 
of an induction regulator, which allows ef contactors being dispensed 
with. The working of this regulator gave satisfaction during the tests. 

The motors are of the series-repulsion type. They are designed to 
start as repulsion motors and to change to series motors automatically 
as soon as the spced reaches 25 km. per hour, which corresponds with 
synchronism. Each motor is able to develop 400 h.p. for 6 hours, and 
500 h.p. for 1 hour. 

During the trials the mechanical device ensuring the automatic 
change in the connections in order to pass from repulsion working to 
the series working operated quite well. 

During the repulsion working the stators of the three motors are 
connected in parallel, so that each rotor cannot take up a speed appre- 
ciably different from that of the other two. ‘This provides an electric 
coupling which has given good results during the tests. Forced air 
ventilation is used on this locomotive. 

For the regenerative braking the motors working as generators 
employ for their excitation current lagging 9o deg. behind the supply 
current. This current is furnished by a winding on the stator of the 
ventilating fan motors. After some initial trouble the regenerative 
working has given complete satisfaction. 

On test this locomotive has hauled a train of 100 tons on an up-grade 
of 17 mm. at a speed of 60 km. per hour, taking from the station 860 kw. ; 
a train of 280 tons on the same incline at a speed of 41 km. per hour, 
taking from the station 1,150 kw. 

The electric braking requirements on descending grades have been 
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fulfilled, and the power returned to the line has often reached 350 kw. 
It is impossible to give exact figures for the power factor of the loco- 
motive under different conditions because the measuring instruments 
available did not allow of its value being calculated with sufficient 
accuracy. But what should be pointed out is that with regenerative 
braking this factor is very nearly unity. The current given out by the 
motor may, in fact, actually be in phase with the pressure, or even 
leading in phase. 

The Midi Railway has ordered eight locomotives of this type, with 
certain modifications, of which the principal are as follows :— 

The power to be increased to 1,500 h.p. continuously, or 1,800 h.p. 
for 1 hour, with a max. speed of тоо km. per hour; the two leading 
axles to be replaced by two bogies; the repulsion working at starting 
to be suppressed, and the electric coupling of the axles to be retained 
at all speeds ; the electric regenerative braking, which has given good 
results, to be retained ; the locomotive to weigh go tons. 

The locomotive made by the French Thomson-Houston Com- 
pany is equipped with two motors only, and the use of connect- 
ing rods has been unavoidable. Two idle shafts, the bearings of 
which are fixed on the sole bars at the same level as the bearings 
of the driving axles, serve as links between the motors and the 
driving wheels, and for that purpose they carry cranks at each end 
coupled by connecting rods, firstly to crank pins on the shafts of the 
motors, and secondly to crank pins on the outer driving wheels. There 
are also connecting rods coupling the three driving wheels on each side. 

This arrangement necessitates bulky motors, first because each has 
to furnish half the power of the locomotive, and second because the 
motors must run at a reduced speed, namely that of the wheels. The 
use of connecting rods has the drawback of involving a not inappreci- 
able maintenance, the more so because the coupling between the idle 
shaft and the driving wheels works under unsatisfactory conditions, 
which frequently give rise to over-heating. On the other hand, the 
centre of gravity of the locomotive is raised and the axle boxes are 
internal. The locomotive weighs 89 tons, and current is taken from 
the line by means of two pantographs. The electrical control is 
effected by varying the voltage supplied to the motors, requiring the 
use of contactors connected to tappings on the secondary of the 
main transformers. These contactors involve a maintenance cost 
which is by no means negligible, and the noise and arcing are not 
only disagreeable, but they often frighten the permanent-way men 
and cause accidents. 

The inotors are of the series-repulsion type, and, as in the case of 
the locomotive made by the Ateliers du Nord et de l'Est, the con-, 
nections are automatically made for repulsion working for speeds below 
25 km. per hour. The working of this arrangement has given trouble. 
Each motor can develop боо h.p. in continuous working, and 750 h.p. 
for an hour. For the regenerative braking, the current necessary for 
exciting the motors is supplied by a special transformer ; the working 
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out of this arrangement has been very difficult. Forced air ventila- 
tion is used on this locomotive. 

In the tests this locomotive hauled a train of roo tons at a speed 
of 60 km. per hour on an up-grade of 17 mm., taking from the station 
940 kw., and a train of 280 tons on the same incline at a speed of 
41 km. per hour, taking from the station 1,080 kw. The electric 
braking requirements on down-grades have been satisfied, and the 
power returned to the line has often reached 400 kw., but with a 
power factor which appears to be low. 

As in the case of the locomotive supplied by the Ateliers du Nord 
et de l'Est, many details of internal arrangements of parts leave much 
to be desired. The makers are engaged on a new design to get rid of 
the faults which have been pointed out, after which new plans will be 
submitted to the Midi Railway for further consideration. 

The Westinghouse locomotive is equipped with two motors, re- 
quiring the use of idle shafts and connecting rods. But in this loco- 
motive the rotary motion of the idle shaft is obtained by means 
of a pinion on the motor shaft and a spur wheel on the dummy 
shaft outside the sole bar. This arrangement allows the motors to be 
run at a much greater speed than that of the wheels. 

The cranks of the two idle shafts are joined by a connecting rod 
in the form of a hollowed-out isosceles triangle having its apex 
turned downwards. In this triangle is fixed an axle box for the crank 
pin of the middle driving wheel. In this way the motion of the 
idle shaft is transmitted to the middle wheel, which is coupled 
to the two outer drivers by connecting rods. The advantages of 
the arrangements in the two previous locomotives are obtained without 
any of their drawbacks. 

The trial locomotive weighs 82 tons, and current is taken from the 
overhead conductor by two pantograph collectors. The electrical 
control is effected by varying the voltage supplied to the motors by 
means of contactors, the drawbacks of which were referred to in 
connection with the Thomson-Houston locomotive. The controller 
is electro-pneumatic. The motors are of the compensated series type 
and work in series all the time ; they have forced ventilation, and can 
develop боо h.p. for 6 hours, and 700 h.p. for т hour. The motors аге 
not designed for repulsion working. Electric braking is obtained 
by connecting the motors as generators while allowing their 
energy to be absorbed by resistances placed on the roof of the 
locomotive. 

On test this locomotive has hauled a train of roo tons at a 
speed of 62 km. per hour on an up-grade of 17 mm., taking only 
790 kw. from the station ; and a train of 280 tons at a speed of 42 km. 
per hour, taking only 980 kw. from the station. Its efficiency thus 
appears to be higher than that of the other two locomotives. 
This has to be confirmed by measurements with suitable testing 
apparatus. It goes without saying that on down-grades the locomotive 
has been able to fulfil the braking conditions laid down in the scheme. 
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The motor-cars supplied by the French Westinghouse Company 
are first- and second-class carriages ; there is a luggage compartment, 
first- and second-class compartments with 48 seats, 2 driver's compart- 
ments, and a high-tension compartment. . All the electrical and pneu- 
matic apparatus is housed under the car body. Each of the two bogies, 
of the Brill type, has two axles and carries two motors. Оп the roof 
are the two pantograph collectors for the current. The motor-car 
weighs 55 tons when in running order. The four motors are of the 
compensated series type, with forced ventilation. They are each able 
to develop 100 h.p. continuously, and 135-140 h.p. for one hour. The 
control and the clectric braking are effected in the same way as with 
the electric locomotive supplied by the same company. 

In the tests the motor-car has hauled a train of 105 tons, or say 160 
tons including the motor-car itself, at a speed of 60 km. per hour on an 
up-grade of 17 mm. The electric braking has worked in a satisfactory 
manner. On the rst July next, 15 of these motor-cars will be in use ; 
there will be 30 of them before the end of the year. Such is, 
in short, the general scheme of electrification undertaken by the 
Midi Railway. 

This account would be incomplete without mentioning what has to 
be done to avoid the difficulties due to the proximity of the telegraph 
and telephone lines. 

When a high-tension power transmission line conveying alternating 
current and a telephone or telegraph line happen to run close together 
for a considerable distance, the former sets up induced electromotive 
forces in the latter, resulting in disturbances in the receivers, and dis- 
agreeable, if not dangerous, results may follow to workmen and to 
the public. These phenomena are particularly noticeable if the two 
lines are alongside railway track, and if alternating current is returned 
by the running rails. In such a case, the current instead of returning 
wholly by the rails returns in greater or less proportion through the 
earth, thus affecting the telegraph apparatus, which works with an 
earth circuit. 

These phenomena seriously affect the company, in the first place 
through difficulties in the proper working of the telegraphs without 
which the service can hardly be carried on, and secondly because the 
Postal Administration has objected to electrical traction as affecting the 
safety and regularity of the public service of which it has charge. 
The company is aware, moreover, that up to the present the precautions 
taken to avoid these disturbances are neither completely efficacious 
nor practically realizable, owing to their cost. This applies to the 
replacement of the lines affected, and the use of telegraph circuits 
without earth connections. 

It was considered better to find a solution of the problem by the use 
of apparatus capable of neutralizing the effects of the disturbing 
currents. Among those which have been considered, that of 
Mr. Girousse, Enginecr of the Telegraphs, has proved successful in 
the protection of Morse apparatus, as has been demonstrated in official 
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tests. The company is about to apply these protectors in the first 
place to the railway station apparatus on the line from Perpignan to 
Villefranche, and will bring them into general use, if required, on the 
whole of the electrified section. The Post and Telegraph Administra- 
tion has decided to install this apparatus in such offices as are affected 
by the traction current. | 

In order to ensure satisfactory working of the telephone, the 
Administration is about to replace ordinary insulators by others of 
greater insulation resistance, to transpose the two lines every 300 or 400 
metres, and to insert transformers between the lines and the receiving 
apparatus. This last arrangement, the object of which is to save 
users from dangerous or perhaps only disagreeable shocks, has the 
drawback of weakening the sound of the voice ; it is the same fault 
which hitherto has prevented the use of protectors for telephonic 
apparatus. Nevertheless, experiments with these protectors have not 
been given up. 

The Midi Railway will probably have to pay the cost of all this 
work. That will not prevent it from trying all suitable means for 
rendering the traction current as harmless as possible to telegraph 
and telephone lines. For this purpose the company contemplates the 
addition to the alternators and to the motors of arrangements for 
damping the high harmonics, to which the disturbing phenomena 
should be attributed to a large extent. 

The company’s engineers have no doubt that all these difficulties 
will be overcome, together with those which will subsequently appear 
in the development of so largea system, but they are no longer in doubt 
as to the success of the undertaking, for they know that they may rely 
upon the valuable support of the directors and management of the 
company, who have full confidence in the electrification, which 
confidence they have been able to communicate to all those working 
with them. 

From the foregoing account it is clear that the electrification of a 
large railway system is to be undertaken by the Midi Railway under 
conditions as advantageous as possible; and it is to be hoped that 
this experiment will bring out many points of great value, which 
will aid the solution of questions that are so intimately connected 
with the future of railways. 
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THE  ELECTRIFICATION OF THE STATE 
RAILWAY: THE PARIS SUBURBAN LINES. 


By А. N. MAZEN. 


(Paper read in Paris at a Foint Mecting of THE INSTITUTION with the Société 
Internationale des Electriciens, 21st-24th May, 1913.) 


TRAFFIC OF THE STATE RAILWAYS SYSTEM. 


The State railways system, formerly the Ouest lines, serves a very 
considerable portion of suburban Paris. 

The lines of this system, which end at three termini, namely, that 
of St. Lazare on the right bank, and those of the Invalides and Mont- 
parnasse on the left bank, comprise at presenta total length in this section 
of about 500 km. of single track. This total will be increased to 800 km. 
ina few years’ time when the proposed loops and junctions will be 
finished, and when the new line from Montparnasse to Chartres via 
Gallardon now in course of construction will be opened to traffic. 

A huge traffic naturally corresponds with such a large development of 
track. From the point of view of the number of outward and inward 
travellers, the St. Lazare station is by far the most important not only 
of the Paris but of European stations. Only Liverpool-street station in 
London is at all to be compared with it. 

This traffic movement, however, is far from stationary ; it is always 
increasing, and statistics show that during the last ten years it has 
grown by from 3 to 4 per cent per year, while it would appear that if 
steam traction were retained it would be doubled in about twenty-five 
years. In addition to its true suburban services the State railway orga- 
nization has to suffice for its main-line services, and the importance of 
this traffic can easily be imagined when it is considered that the 
system, with its 9,000 km. of track, serves Normandy, Brittany, 
Perche, Anjou, Vendée, Saintonge, and all the coast line from Tréport 
to Bordeaux. 

This fan-shaped system brings daily from the ten principal extre- 
mities (Dieppe, Le Havre, Cherbourg, Granville, Brest, Saint-Nazaire, 
Nantes, Les Sables, La Rochelle, and Bordeaux) more than 80 train loads 
of passengers into the capital by the main lines.* 

If to these are added the number of suburban trains, a total of more 
than 820 train-loads entering Paris daily is obtained, which, with the 
outward trains, amounts to a total of more than 1,640 trains (in and 


* All statistics refer to the years 1909 and 1910, when the electrification scheme 
was got out. 
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Out) in the 24 hours, and corresponds to more than a train per minute 
entering or leaving Paris. 

The number of passengers who annually make use of the three 
State railway termini of Paris amounts to about 70 millions. Of this 
total the St. Lazare station alone accounts for about 60 millions ; and 
the annual increase is of the order of 2 millions, One-third of the total 
annual number of suburban passengers use the stations contained 
within the area of Asniéres, Colombes, La Garenne, and Courbevoie. 
This is of great importance in organizing the traffic. 

It is, of course, clear that such a traffic development can only have 
grown gradually, not only in the number of trains, but also, thanks to 
modern steam locomotives, as to their weight. 

The permanent way and everything connected with it must be 
utilized to its maximum capacity, and, as regards thelines leaving Paris, 
the traffic diagram dealing with the rush hours for certain suburban 
sections shows that the maximum authorized number of 24 vehicles per 
train has been reached. At present the service is only made possible by 
using coaches with roof seats, which, as can be imagined, increase the 
capacity of the trains, but could not be retained in a modern scheme. 

At certain times the congestion has become so great that, especially 
on two of the three lines which alone entered St. Lazare before the 
recent addition of a fourth line, the traffic exceeds 2ootrains either way 
per 24 hours, while on all the other systems the figure does not exceed 
“оо ordinary trains, with the exception of the tramway trains of the 
Nord Railway and the Orleans system, in the case of the electric trains 
from the Orsay Station. The movement on these two systems amounts 
to 148 and 130 trains (both ways) respectively. 

What has been said regarding the permanent way obviously applies 
also to the rest of the installations, i.e. the termini, stations, branches, 
etc. A similar situation will be remembered when in 19o8 the Ouest 
Railway sanctioned a proposal involving the electrification of the 
St. Germain and Argenteuil lines. 

Following the incorporation of the Ouest lines with the State system 
the Administration gave renewed attention to the question, and a full 
programme was drawn up. Itis this programme, the carrying out of 
which is still in progress, that I propose to consider here. 

In order to deal with the question systematically it is proposed first 
of all to examine the actual situation under steam traction ; then to 
consider the remedies to be adopted ; and finally to study the changes 
in organization necessary for success. 


ACTUAL POSITION AS REGARDS THE WORKING OF THE STATE 
RAILWAY SUBURBAN SYSTEM. 


If the position as it actually stands at present is examined a little 
more closely it will first of all be seen that, leaving out of consideration 
the 218 and 213 trains passing each way to Versailles and St. Germain 
through the neck formed by the triple tunnel underneath Batignolles 
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to enter St. Lazare, the number of trains passing through Аѕпієгеѕ is 
167 on the Versailles route and 197 on the St. Germain route. Tbe 
other congested sections are— 


On the right bank :— 


Trains both Ways. 


Paris to Avenue Henri-Martin s ... 150 
Becon to Puteaux iss i An we I3I 
Asnieres to La Garenne en сәй ux “OO 
Colombes to Argenteuil awe гй we 103 
On the left bank— 
Invalides to Champ-de-Mars... єй e. 139 
Clamart to Porchefontaine ... ue .. 89 
Porchefontaine to Versailles К.С. ... er 767 


It must be added that the most difficult sections to work are those 
in which trains having very different speeds (expresses, fast trains, 
local, and goods trains) are run on the same track, and in this con- 
nection the sections from St. Lazare to Asnieres and from Clamart 
to Porchefontaine, the latter with a continuous up-grade of 6 mm. 
per metre, are noteworthy. During the busiest hours (6.30 to 7.30 p.m.) 


there are— 
Trains both Wavs. 


Departing from Saint-Lazare— 


On Auteuil line ... aay sr is e. IO 

On Versailles line — ез ies use, FE 

On Saint-Germain line ... ы is js d 
Departing from Invalides— | 

On Porchefontaine line... us di ue Д 
Departing from Montparnasse— 

On Porchefontaine line... vs is ae ~ 


Frequency of Train Service.—Such traffic congestion does not allow 
of a very good service for the different suburban sections. The number 
of trains each way per hour is about as follows for the different 
directions :— 


Trains. 

Auteuil, Clamart age is js bus Өз. 14 
Champ-de-Mars,  Moulineaux, Saint-Germain, 

Argenteuil, and Mantes € 2 


Versailles R.D., Versailles R.G. (таа), Ver- 
sailles R.G. (Montparnasse), La Garenne ... 1} 
L'Etang-la-Ville, Passy, Conflans, Pontoise cu d 


Speed of Trains.—The speeds obtained are in almost every case 
insufficient. For the local trains a speed of 25 km. per hour (a speed 
scarcely greater than that of the Metropolitain, 20 km. per hour) can 
alone be assured ; whilst the fast locals and fast trains run at from 35 
to 45 km. per hour. Mantes, Poissy, and Versailles-Chantiers benefit, 
it must be remembered, by certain main-line fast trains. 

Amount of Rolling Stock.—The amount of rolling stock employed 
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in the suburban service is very considerable, in spite of the com- 
paratively small number of trains per hour. It comprises about 1,500 
coaches and 200 locomotives, which represent, together with the 
necessary engine-sheds, workshops, and carriage-sheds, a total capital 
expenditure of more than 50 million francs. The magnitude of this 
stock is explained by the fact that on account of the difficulty of 
altering their composition they run practically as block trains, while 
as there are no carriage-sheds on the line, because they would have 
to be so large in view of the length of the trains, all stock is housed 
at the termini. Under these conditions the utilization of the seating 
capacity does not exceed 18 to 20 per cent. 

With such a method of working, the weight moved is obviously very 
great (1,500 million ton *-kilometres per year). Of these figures the loco- 
motives account for about 450 millions, that is, a little more than a 
quarter. Such very bad working conditions lead, necessarily, to heavy 
annual expenses, although the total distance run does not exceed 
6,600,000 kilometres yearly. The final outcome from the financial 
point of view is a large deficit, which will go on increasing unless 
stringent measures are taken for improving the suburban working. 
'T he only method of escaping from this situation appears to be a scheme 
for improving the service as a whole, while providing for a great 
increase in traffic. 


IMPROVEMENTS TO BE MADE. 


The actual system of working is clearly inadequate, and it must be 
improved with as little delay as possible. The traffic is continually on 
the increase. During the rush hours overcrowded trains reach and 
leave Paris. If steam traction is to be retained, the number of 
irains must be increased. However, several reasons militate against 
any development in this quarter. First, the signalling systems of 
almost all the Paris stations are used to their fullest extent ; second, 
the platforms of the Paris stations, and particularly those of St. Lazare 
and Montparnasse, are insufficient in number. This insufficiency 
applies particularly to steam haulage where long and complicated 
shunting movements are required to transfer the locomotive from 
the back to the front of the train. To these difficulties must be 
added those of watering and coaling the locomotives. Ata terminus 
the necessity of making two, three, or four movements for every train 
coming in or going out blocks the exit roads and undoubtedly in- 
creases the chances of accident. To increase the capacity of the 
terminus and its platforms, it is absolutely necessary to decrease the 
number of these movements. 

But how is this to be done? Obviously by preventing the transfer 
of the locomotive from the back to the front of the train, by equipping 
the train in such a manner that it can be driven either from the front 
or from the rear. 

Attempts have been made to solve this difficult problem for steam 

* By ton “ metric ton” is implied throughout. 
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traction, but complications of every kind are met with. Someengineers 
have gone so far as to propose placing the locomotive in the centre of 
the train, thus arriving at some kind of symmetry, but no arrangement 
of this sort has actually given complete satisfaction. With electric 
traction all requirements are satisfied. The system of multiple-unit 
control allows, as is well known, all the electric motors driving the axles 
of the train to be worked from either end. With drivers’ cabins at 
the front and rear, a reversible train is obtained without any movement 
of the coaches. If a considerable proportion of the carriages of the 
train are made motor-cars, it is easy to split up the train into a number 
of separate motor-driven sections, and this without any marshalling or 
manceuvring. This is a most valuable feature, as will be seen further 
on, and one which allows of proportioning the number of seats to the 
trafic requirements. This cannot be done economically with steam, 
since the locomotive, which forms a large proportion of the total weight 
of the train, must be in front. Further, by distributing the electric 
motors among the different carriages of the train a large adhesive 
weight is available, allowing rapid acceleration, which permits of the 
trains getting away quickly from the platforms, thus increasing the 
capacity of the latter. 

The Métropolitain and the Nord-Sud lines have brought out these 
conditions so clearly that it is unnecessary to labour the point. АП 
these circumstances, combined with a sufficiently high schedule speed, 
will obviously allow of a considerable reduction being made in the time 
taken on the journey. 

Capacity of a Steam Line.—Before definitely giving up all idea of 
using steam, it might be well to look for a moment as to how it 
compares with electricity from the point of view of the capacity of the 
system. The considerable experience that has been obtained in the use 
of steam traction shows that it is useless to try to exceed a maximum 
of 10,000 to 12,000 passengers per hour with carriages without top 
seats, on a two-track line with frequent stops. In England, where 
certain systems use comparatively light trains hauled by heavy and 
powerful locomotives, 8,000 to 10,000 passengers per hour is barely 
reached. In France, thanks to lighter rolling stock, accelerations are 
obtained which, without being as great as are obtained with electric 
traction, are nevertheless,considerably greater than in England ; but, 
on the other hand, the cost of haulage is considerably increased. 

Capacity of an Electric Line.—By the side of these figures it is 
interesting to put figures relatiug to electric traction, it being remem- 
bered that with trains of 5 coaches carrying 500 passengers thc 
Metropolitain is able to deal with an hourly total of 12,000 passengers. 
With carriages 3 m. instcad of 2:40 m. wide, and 22 m. instead of 
I4 m. long, and assuming eight carriages per train, the enormous 
figure of 40,000 passengers per hour is reached, or, considering seats 
only (no standing), that of 20,000 passengers per hour. 

On tbe occasion of the election of the President of the Republic 
it was found possible to bring 1,500 passengers to the Invalides from 
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Versailles in six electric coaches of the above-mentioned type, which 
corresponds to an hourly total of 48,000. The journey was, moreover, 
done in 14 minutes. The conclusion is thereforearrived at that electric 
traction, with its rapid acceleration, allows of the time taken on the 
journey being so diminished as to double the capacity of the line. 
It moreover eliminates train movements and reduces the number of 
platforms at the termini necessary for a given service. 

Working on the Zone System.—To obtain the preceding figures it 
must clearly be understood that each section of the line under con- 
sideration would be used only by suburban trains running at the 
same speed. This implies that trains of different speeds shall travel 
on separate tracks. In England, in the case of the London suburbs, 
the main-line traffic has been completely separated from the suburban 
traffic. The French State railways have also approached this by 
considering the adoption of the zone system of working. 

No section of a steam line can deal with more than roo trains 
in each direction per day, whilst it is agreed that on electrified 
lines this figure may reach 350. This last figure is not at all start- 
ling when it is remembered that the Métropolitain and Nord-Sud 
Railways give on certain sections the excellent service of more than 
400 trains a day in each direction. 

It may be asked if such a development would be of a nature 
to bring an important increase of trafic. The reply is self-evident 
when it is remembered that the electrified line from the Invalides to 
Versailles has shown a traffic increase of from 12 to 13 per cent per 
year, while the other steam lines showed increases of barely 2 or 3 per 
cent. Another electrified line in Paris, with similar conditions and 
results, could be cited, and many other examples, especially in England, 
could be brought forward, so that the result of clectrification is not in 
question. 


ORGANIZATION OF TRAFFIC WITH ELECTRIC TRACTION. 


A very complete examination of the variation of the traffic with 
regard to the time of day, the season of the year, and the sections of 
the line, has led to the employment of a single type of electric 
carriage, built to contain all the elements required for suburban ser- 
vice, namely, guard's van and first and second class compartments. 
This coach can carry 100, including straphangers. It is to be remem- 
bered that third class has long since been done away with on the 
suburban lines, except on the Argenteuil section, where it will shortly 
cease to exist. During much of the time the service will be carried 
on by single-coach trains, the number of seats being amply sufficient 
at such hours. During the time of heavier traffic and on the more 
busy sections the trains will be composed of several similar coaches. 
It is intended to run special electric trains for parcels service, which 
in the suburbs is developing more and more. To find out how many 
coaches to allow on each section of the line, statistics of the hourly 
trafhc at each suburban station have been compiled over a long period 
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of time, and it is possible with the help of these statistics to find out 
for each line and within each zone the number of seats required 
hour by hour. 


THE CHOICE OF THE ELECTRIC TRACTION SYSTEM. 


The various systems of electric traction in use may now be briefly 
dealt with in order to justify the choice made by the State railways. 
Amongst these systems three-wire continuous-current, and three-phase 
traction call for three conductors, which are reduced to two if the 
return is by the track rails. They have been applied with great success 
in certain cases ; for example, the Nord-Sud has successfully employed 
continuous current on the three-wire system, using as conductors an 
overhead wire and a third rail, each at боо volts, the track rails serving 
as the neutral wire. А system has thus been evolved which, by sup- 
pressing the return current and its drop in pressure, is completely 
innocuous so far as electrolysis is concerned. А number of examples 
can also be given of the application of the three-phase system, among 
the more recent those of the Simplon and thc Mont Cenis installations 
(two overhead conductors with the track as thethird phase). But these 
two systems, as can be understood, are exceedingly complicated at station 
crossovers and at important junctions. The three-phase system, more- 
over, hardly lends itself to rapid acceleration, and is useless for 
multiple-unit working. 

The other systems only employ two conductors, one of which in 
almost every case is the track rail. These systems are the single-phase 
system and the continuous-current system. The single-phase system 
permits the use of high voltages on the working conductor ; it is there- 
fore possible to use a light overhead wire. The continuous-current 
system, if normal pressures of 500 to 700 volts are used, is on the con- 
trary only available with a heavy steel conductor about ground level. 
If use is made of higher pressures, such as 1,200, 1,500, and even 2,000 
volts, which the construction of modern motors allows, either an over- 
head line may be used, which has to be very heavy in the case of dense 
traffic, and is consequently expensive and ugly, or else the conductor 
must be installed near the ground. 

The author ventures to think that the day is at hand when a 
satisfactory solution of these difficulties will be found, although the 
solution may not be a simple one. As yet there is no installation of 
this nature, and a choice must be made between the single-phase 
system and the continuous-current system at a normal pressure of 
600 to 700 volts. 

With the single-phase system there is a considerable simplification 
in distribution from the use of static transformers in place of sub-stations 
with rotary converters ; there is also a saving in the number of atten- 
dants, better efficiency, and freedom from electrolysis. 

With the continuous-current system the equipment of the coaches is 
much lighter and less cumbersome, the acceleration is more rapid, with 
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a better efficienty of the motors, and lastly there is less waste of energy 
per useful ton carried. From the point of view of safety, the continuous- 
current system does not require the current to be taken above the floor 
of the coaches. It does away with ail the trouble—in particular at 
crossovers and for branch lines at large stations—of the overhead wire 
(in the case of a derailment, the upsetting of poles, or the fall of several 
parallel wires, etc.). 

Protection against lightning is more easily made than with an over- 
head single-phase wire. In numerous recent railway investigations 
for particularly heavy traffic, the continuous-current system has shown 
a real superiority to the single-phase on the economic side. Without 
attempting to go too deeply into the matter, the author would draw 
attention to the following chief points : The stationary installations are 
cheaper for single-phase than for continuous current (sub-stations and 
tracks). On the other hand, the equipment of the rolling stock is both 
heavier and more costly. It is quite understandable, therefore, that the 
heavier the traffic the greater the advantage of the continuous-current 
system. It is the same with the working expenses: the more the 
installation is fully utilized, the lower is the expense per ton carried by 
the continuous-current system as compared with the single-phase 
system, chiefly owing to the weight of the equipments. 

The author will not go so far as to repeat what was said at the last 
Railway Congress at Berne іп того, namely, that the single-phase 
system is the one which ought to be employed when all hope of 
increasing the traffic has been lost. He has, in fact, made use of it 
himself in certain cases, and it cannot be doubted that it has its own 
special field. But it cannot be repeated too often that it is not 
applicable in every case, and the one under discussion appears to be 
an instance where it is not at all suitable. 

А word on the subject of electrolysis. The care taken in the up- 
keep of the permanent way and conductors from the Invalides to 
Versailles left bank (rail of 46 kg. per metre mounted on insulators, 
good condition of the ballast, the level of which is always kept below 
the rails) has prevented any trouble during the whole ten years the 
line has been at work. 

For lines where the traffic is heavier, the effects of electrolysis may 
be expected to be greater and to show themselves sooner. There is 
reason, however, to think that where the construction is good and 
the upkeep of the track satisfactory there will be little trouble. On 
the other hand, as regards the single-phase system, it is necessary to 
include the difficulties caused to telegraph and telephone transmission, 
which are not yet overcome. For all these reasons, and particularly 
since on most of the sections the density of the traffic is already very 
high and is bound to increase, the State railways, being anxious to make 
no mistake, have adopted the continuous-current system at 650 volts. 
This system is sanctioned by long usage, it is thoroughly reliable, and 
in the present instance it is certainly the cheapest. 

Our neighbours, the English, a practical people, after the very 
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interesting application of the single-phase system on the part of the 
London, Brightcn, and South Coast Railway on several lines in the 
south of London, have just recently, like the State railways, adopted 
the continuous-current system at 650 volts for the majority of the 
lines in the suburbs of London. It must be added that everything 
in the way of heavy electric traction in Paris : viz. the Métropolitain, 
Nord-Sud, Orleans (Orsay-Juvisy), and State (Invalides-Versailles, left 
bank) Railways, is worked with continuous current at 650 volts. 


THE POWER STATION. 


For the electrification under consideration the electric supply must 
be able to furnish 400 to 500 motor-coaches with continuous current 
at 650 volts through a third rail parallel to the track, the running rails 
serving as the return conductor. 

The current is furnished by sub-stations receiving energy in the 
form of alternating threc-phase current at 25 cycles, 15,000 volts, from 
the generating stations. To avoid trouble from frost after a thaw, 
a conductor rail with under-collection was proposed. This rail weighs 
76 kg. per metre. It is carried by supports of impregnated wood of a 
type similar to that used on the Invalides-Versailles line. 

The motor-coaches collect the current by a special shoe, called 
“universal,” arranged so as to collect either from the upper or under 
surface of the rail. 

The sub-stations, placed wherever possible at junctions, contain 
rotary converters of 1,500, 1,000, and 750 kw. output, according to 
their importance. Their distance apart varies from 3 to 8 km., accord- 
ing to the density of the traffic. In almost every case they also serve 
to supply energy to the railway stations or to the station approaches. 
A very interesting control system allows a certain variation in the 
voltage of the continuous-current supply, and of several sub-stations 
being put out of action during slack hours. The starting of the rotary 
converters is effected from the alternating side throughout. The sub- 
stations are supplied by three-phase underground feeder cables at 
15,000 volts, 25 cycles. The pressure of 15,000 volts was chosen, first, 
because underground cables were used, and, second, on account of the 
distance to be fed, so as to step down at sub-stations without 
very elaborate apparatus, the network being very complicated. The 
feeders, it should be noted, are in duplicate, to ensure complete 
security. Electric energy will be furnished by two power stations, 
the construction and working of which has just been entrusted, 
after public tender, to an industrial syndicate. There is a sliding scale 
of charges under which, when the stations are finished, electric energy 
will be sold to the State at an inclusive charge of about 5 centimes 
per kilowatt-hour. 

The two power stations, comprising steam turbine units of 5,000 kw., 
will be placed at Moulineux and at Bezons on the banks of the Seine. 
When the installations are complete, they will have a capacity of 
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about 60,000 kw., and will furnish the State with about a hundred 
million kw.-hours per annum. The sliding scale for supplying this 
current contemplates the ultimate utilization by the State of the 
energy coming either from the Rhone or from the coal mines in the 
north. It must not be forgotten that Bezons is only 170 km. from 
Lens. There is therefore good reason for believing that before long 
the coal mines at Pas-de-Calais will join with the falls of the Rhone in 
supplying Paris with electricity through a network of feeders, com- 
bined in a system such that the scasonal, daily, and hourly variations 
in the demand for energy at the points of consumption, are met by 
corresponding variations at the various points of supply, arranged 
so as to secure the maximum economy. 

As regards subsidiary works, it may be mentioned that several 
engine-sheds and a large repair shed at Garenne-Bezons are to be pro- 
vided for maintaining the electrical rolling stock. This shed, now in 
course of construction, will be able to take at one time forty to fifty 
coaches, and will be equipped with modern cranes and up-to-date 
tools. 

Опе result, and not the least important result of the electrification, 
will be the distribution of electric energv under the most economical 
conditions to all suburban stations. 
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PETROL-ELECTRIC MOTOR-VEHICLES. 
By J. B. С. DAMOISEAU. 


(Paper read in Parts al a Foint Mecting of THE INSTITUTION with the Sociéte 
Internationale des Electriciens, 21st-24th May, 1913.) 


The system of traction in which the electrical energy required for 
propulsion is generated on the vehicle itself, was applied for the first 
time twenty years ago by Mr. J. J. Heilmann. The first locomotive 
on the Heilmann system, * La Fusée," which was tried in 1893-94 on 
the Ouest Railway between Le Havre and Beuzeville, and later between 
Paris and Mantes, consisted of a boiler of 145 square metres heating 
surface, feeding a horizontal, compound, balanced steam-engine, with 
fixed cut-off and variable speed. This engine, which generated боо 
b.h.p. at 360 revs. per minute, was direct-coupled to a separately- 
excited continuous-current generator. The exciter giving constant 
pressure was driven by a special steam engine. By increasing or 
decreasing the excitation of the generator, the speed of the steam 
engine was decreased or increased in proportion, and in consequence 
also the power supplied to the eight electric motors which were fixed 
on the four axles of each of the two bogies. 

As a result of the tests carried out with this locomotive, two more 
were built on the same system, but of greater power, each being 
provided with a vertical steam engine of 1,350 i.h.p. at 400 revs. per 
minute, direct-coupled to two generators, one at each end, which 
supplied the electrical energy to the eight motors. ‘These locomotives 
were tried on the same railway system in 1897-98 between Paris and 
Rouen. 

Each of these two locomotives was constructed in such a way that 
it could be driven in either direction without being reversed at the 
terminus, and had a tender attached. Опе of these tenders was fitted 
with four electric motors, to which current was supplied from the 
generators on the locomotive. 

The method of control employed on these Heilmann locomotives is 
very elastic, and has the further advantage of being economical in two 
respects. From the thermal point of view, the steam consumption per 
horse-power-hour is remarkably constant, as the point of cut-off is fixed. 
From the electrical point of view, the whole of the electrical energy 
generated is, with the exception of the losses in the field rheostats, 
usefully employed for traction. 

This system, in which the vehicle carries its own electrical generat- 
ing plant, was subjected to considerable criticism at the time of its 
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introduction, and it is only due to the development of automobiles and 
the internal combustion engine, as well as to progress in electric 
traction and the practical demonstration of its advantages, that the 
above system of traction came into favour again in its new form as 
the petrol-electric car. 


THE VARIOUS PETROL-ELECTRIC SYSTEMS. 


A number of systems, employing continuous- or alternating-current 
transmission either partially or wholly, have been proposed for auto- 
mobiles running on the roads, with the view of remedying the inherent 
inconveniences arising from the use of clutches апа the necessity of 
frequently varying the speed of such vehicles. Some of these systems 
in practice do not seem in general to have given the results expected 
of them. 

Of the various heat engines capable of application to automobiles 
running on rails, the internal-combustion engine using liquid fuel— 
petrol or benzol—is the only practical type. Continuous-current is 
likewise universally employed. 

The design adopted for motor-vehicles using internal-combustion 
engines is necessitated by the limitations of these engines. Thus, as 
internal-combustion engines are unable to start under load, means must 
be provided for starting them light. Moreover, such engines give a 
practically constant torque, and to be economical should run at a speed 
below that corresponding with maximum power so as to prevent the 
engine being pulled up ; but as they must operate somewhere near that 
critical speed, it follows that it is essential to introduce gearing between 
the engine and the axles so that the speed of the car can be varied 
whilst that of the engine remains uniform. 

There are thus three methods of transmission :— 


1. Mechanical gear ; 
2. Electrical transmission gear ; 
3. А combination of mechanical and electrical gear. 


As, however, the internal-combustion engine can work either at 
constant or variable power (by regulating the admission of the fuel), 
and the power required for traction is also variable, it follows that two 
distinct methods may be considered :— 


(a) An arrangement comprising a means of storing energy and 
for dealing with the fluctuations in the demand for energy 
whilst the engine generates constant output. This method 
has the advantage of allowing the energy to be stored which 
is produced when the car runs down gradients, and whilst 
braking. 

(b) An arrangement in which energy is not stored, and in which 
the engine supplies the power necessary for driving the 
vehicle. 


'Thus each of the above three methods of transmission, mechanical, 
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electrical, and mixed, can, if desired, have incorporated with it the 
storage of energy. 

To complete this enumeration of possible automobile systems using 
internal combustion engines, it remains to be said that if energy 
is stored this can be done either in the form of kinetic energy by 
using a flywheel, or as potential energy, electric accumulators then 
being employed. 

This brief résumé shows the large number of types of internal- 
combustion automobiles which are theoretically possible. Asa matter 
of fact there areat the present time automobiles with internal-combus- 
tion engines and mechanical, electrical, and mixed drive ; but those 
with the mixed drive are the only ones in which accumulators are 
utilized. 

The present paper deals with motor-cars with internal-combustion 
engines and with electrical or mixed drive. These cars are usually 
known by the general term of petrol-electric vehicles, although 
petrol need not be the only fuel used. The majority of the petrol- 
electric vehicles built comprise essentially an internal-combustion 
engine driving a continuous-current generator giving a variable pres- 
sure ; this generator supplies the electric motors driving the car axles. 
А special controller is employed for the control. In certain cases cars 
are fitted with two cabins, from either of which the car may be driven 
in either direction. The details and position of the electrical gear 
distinguish the difterent tvpes of this class of car. 


MOTOR-VEHICLES OF THE SOCIETE ANONYME DE LOCOMOTION 
ELECTRIQUE. 


In 1904-1905 the Société Anonyme dc Locomotion Electrique, 
owners in Frauce of the Heilmann patents, built a petrol-clectric 
vehicle to demonstrate its practical value. The wheel gauge was 
1 metre, and the electrical gear, suspended on girders attached to the 
frame, was situated between the two bogies and beneath the floor of 
the car, only the cylinders of the engines protruding. This arrange- 
ment was chosen on account of that adopted on automobiles, the 
engines of which work without being under the direct supervision of 
those in charge. 

The petroi engine with six vertical cylinders, each of 140 mm. 
internal diameter and 160 mm. stroke, and running at 700 revs. per 
minute, was direct-coupled to the generator and the exciter, both on the 
same shaft. The generator, which could give any pressure from zero 
to 550 volts, supplied current to the two electric motors ; these drove 
through pinions the two extreme axles of the two bogies—each bogie 
had two axles and wheels of unequal size. The exciter was compound- 
wound to give a pressure of IIo volts. 

The car had two cabins, situated one at each extremity of the plat- 
form of the car. In each cabin was fitted the following switch- 
gear: A special controller with two handles, allowing the car to 
be driven in either direction, the connections for the series-parallel 
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grouping of the motors, the rheostat for varying the exciting current of 
the generator, the electric-emergency brake, the measuring instruments 
and safety apparatus, a valve for the compressed-air brake, and a hand 
brake. 

The air for the brake was supplied by an air compressor driven 
from one of the axles to which a motor was not attached. This 
compressor was fitted with an automatic pressure-regulator. 

The two tanks containing the liquid fuel were placed on the two 
platforms. The two tanks containing the water for cooling the engine 
(the circulation of the water being entirely thermal) and the radiator 
for cooling the water were lodged on the roof of the car. Owing to the 
quantity of water contained in these reservoirs it was possible to cool 
the engine eftectively when the car was on a gradient, the speed of the 
car being sufficient to bring about the rapid cooling of the water 
by the radiator. The silencer was fixed to the girders carrying the 
electrical apparatus. 

The engine, which was fitted with mechanically-operated valves, 
water-cooling, a float carburettor, and a high-tension magneto for 
ignition, was started up by hand by means of a handle attached by 
gear to the crank, which revolved at constant speed whilst the car was 
in service. A centrifugal governor, acting on the admission valve, 
limited the speed of the engine to 700 revs. per minute. 

The driver, standing in his normal position, could reduce the speed, 
and consequently the fuel consumption, whenever the car stopped, 
or when it was running light, by means of a flexible wire attached 
to the admission valve. 

Once the petrol engine was started up, it was sufficient, in order 
to start the car and to regulate its speed, to vary the excitation of 
the generator. This system of regulation by means of separate excita- 
tion has the advantage of producing the electric energy required for 
propelling the vehicle without absorbing any energy in rheostats ; and 
consequently it has the advantage of obtaining economically, if desired, 
all draw-bar pulls and speeds possible without overheating the dynamos. 

A car built for a maximum speed of зо km. per hour had the 
following dimensions :— 


Metres. 
Distance between the axles of the bogies oa 8 
Wheel-base of each bogie ... aa аз - 175 
Length of the car body  ... ane T e. II'8 


This car had a baggage-van in the centre of the coach between its 
two compartments, one of which was first class, the other second class. 
Access to this van was obtained from two platforms situated between 
the two compartments and the driver's cabins at each end of the car. 


MOTOR-VEHICLES OF THE NORTH-EASTERN RAILWAY COMPANY. 


At about the same period trials with motor-vehicles were being 
carried out in England by the North-Eastern Railway Company, the 
electrical plant being placed in one of the driver's cabins at the ex- 
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tremities of the car. The 80-h.p. petrol engine, with four horizontal 
water-cooled cylinders each of 216 mm. internal diameter and 254 mm. 
‘stroke, drove at a speed of 420 to 480 revs. per minute a 55-kw. continuous- 
current generator which supplied current at any pressure between 
300 and 550 volts. The exciter, fixed above the generator, was belt- 
driven. This shunt-wound exciter was also used to charge a 120- 
ampere-hour battery of accumulators used for lighting the car and 
for starting the petrol engine. The two motors, totalling 55 h.p., were 
fixed on a bogie beneath the generator. 

The controller was of the ordinary type for series-parallel working, 
and was used for varying the speed and for operating the brake. A 
rheostat near the controller allowed the driver to vary the pressure of 
the generator. The electro-magnetic brake fitted to this car consisted 
of two electro-magnets suspended between the wheels of each bogie 
above the rails. When the brake was put on, the electric motors 
operated as generators, supplied current to the windings of the brake, 
producing in that way the adhesion of the brakes to the rails and also 
absorbing the energy generated by the motors. 

Ап electrically-controlled air compresser supplied the air for work- 
ing the whistle. A fan, belt-driven from the exciter, cooled the radiator, 
which was situated on the roof. The procedure for starting the car 
was as follows: The petrol engine having been started by means of 
the battery of accumulators, and having reached its normal speed, the , 
excitation of the generator was adjusted so as to obtain a pressure of 
400 volts. The circuit between the generators and the two motors was 
closed, whilst the excitation of the generator was gradually increased 
by cutting out resistance until a pressure of 550 volts was obtained. 
The petrol engine was constructed by the Wolseley Tool and Motor Car 
Company, and the electrical equipment was supplied by the British 
Westinghouse Electric and Manufacturing Company. 

This car, of which the length between the buffers was 15:6 metres, 
had seating accommodation for 52 passengers, weighed in service 35 
tons,* and could reach a speed of 58 km. per hour. 


MOTOR-VEHICLES ON THE DION-BOUTON SYSTEM. 


The two cars just described were in reality only test cars to prove 
the practical value of this form of traction. 

The first exploitation of petrol-electric motor-vehicles dates back to 
the years 1905-1906, and was undertaken by the Hungarian Arad Osanad 
Railway. This railway system has a normal gauge and its length is 
400 km. It was worked at first, as far as the passenger traffic was 
concerned, with 36 petrol-electric cars of two types. Those destined 
for slow trains had each a petrol engine of 30 h.p., and those for fast 
trains а 70-h.p. engine. The petrol engines and the generators of all 
these cars were supplied by the Société de Dion-Bouton. 

As traffic had increased in consequence of the introduction of this 
kind of traction, the railway company was induced, so that trailers could 

* By ton “ metric ton” is implied throughout. 
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be added, to increase the equipment from 30 h.p. to 40 h.p. It was 
found essential to increase the power still more. A Hungarian firm, 
a branch of the French Westinghouse Company, was asked to undertake 
this transformation, which is still being carried out. When this trans- 
formation is finished, this company will own petrol-electric cars on two 
systems and of three powers—those on the Dion-Bouton system of 
70 h.p., and those of the Westinghouse system of 60 and go h.p. As the 
transformation of these cars is not yet finished, the cars at present in 
use are of two types, but of four powers—40 and 70 h.p. (Dion-Bouton) 
and бо and go h.p. (Westinghouse). 

This is at present the most important application of this kind of 
traction in Europe. The service is carried out by these 36 petrol- 
electric cars along with 4 steam-motor cars by Ganz with Dion-Bouton 
boilers, and 44 steam-locomotives hauling “ mixed " trains and goods 
trains. 

The Dion-Bouton cars have each a petrol engine with four vertical 
cylinders driving through a flexible coupling a continuous-current 
compound-wound generator running at 500 volts. The engine and the 
generator are supported on one bedplate. This group, placed trans- 
versely in the driver's cabin, supplies electrical energy to the two 
electric motors which drive the two axles of the car. 

These cars have only one driver's cabin and are turned on the turn- 
tables used for the steam locomotives. 

A controller is fitted in the driver's cabin with one handle for 
operating the car in either direction, and connected for series- 
parallel working, the speed of the car being controlled in that way. 
This controller is fitted with four notches for forward running, and 
only one for reverse. 

The driver's cabin also contains a switchboard on which is 
mounted an automatic circuit-breaker, an ammeter, a voltmeter, a 
valve for the air-brake, and a hand brake. The air required for the 
brake is supplied by an air compressor worked electrically and pro- 
vided with an automatic pressure regulator. The engine is started by 
means of a removable handle. Ап arrangement for omitting the com- 
pression facilitates the starting of the engine. 

The petrol tank and the water tank are placed in the cabin, and 
the radiator and the silencer are fixed on the roof of the car. The 
engine has mechanically-operated valves, a pump for circulating 
the jacket water, a high-tension magneto for ignition, and a constant- 
level carburettor, the amount of each charge being regulated by the 
throttle valve. This valve can be worked by hand, or automatically by 
an electro-magnet inserted in the armature circuit of the generator. 
When the current is interrupted by means of the controller, the engine 
runs at the reduced speed of 300 revs. per minute. 

When the petrol engine is running at the reduced speed and 
the controller is brought into operation, the current supplied by the 
generator has the effect of opening gradually the regulating valve, 
and consequently of increasing the speed and the power of the 
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engine. When the speed of the engine is sufficiently high, the car 
starts and its speed can be regulated by the controller. 

The two 4-pole motors are of the series tvpe. The field coils of each 
motor are connected two in series, and each pair can be connected in 
series or parallel. At the first forward notch of the controller the two 
motors and the two fields of each motor are connected in series. 
At the second notch, the two motors are connected in series and the 
two fields of each motor are connected in parallel. At the third 
notch, the two motors are connected in parallel and the two fields 
of each motor are in series. At the fourth notch, the two 
motors and the two fields of each motor are connected in parallel. 
On the reversing notch the connections are the same as for the 
first forward notch, but the current is reversed in the armatures of 
the motors. 

In order to pass from one notch to another, whether for increasing 
or decreasing the speed of the car, the driver first operates the 
control valve so as to reduce the speed of the petrol engine, then 
places the controller in the position required for the desired speed, and 
finally brings back the control valve to its first position corresponding 
with normal speed. This method of working is to prevent the current 
being broken at the controller. The 4o-h.p. petrol engines have four 
cylinders cach of 120 mm. diameter and 130 mm. stroke, and supply 
the above horse-power at 1,000 revs. per minute. The 7o-h.p. engines also 
develop this power at 1,000 revs. per minute, and have four cylinders of 
150 mm. diameter and 180 mm. stroke. 

The cars are heated by the water which circulates in the cylinder 
jackets and are lighted by means of acetylene. The 40-h.p. cars provide 
seating accommodation for 42 passengers, weigh 13 tons, and contain a 
driver's cabin, a third-class compartment, a platform giving access to 
the latter, a lavatory, a guard's compartment, and a luggage compart- 
ment. The 7o-h.p. cars provide sealing accommodation for 39 
passengers, weigh 16°5 tons, and contain a driver's cabin, a luggage 
compartment, a second-class compartment, a platform giving access to 
these, a lavatory, and a first-class compartment. | Each of these motor- 
cars is capable of hauling two trailers with seating accommodation for 
96 passengers, and of a total weight of 12:6 tons. 


MOTOR-VEHICLES OF THE FRENCH WESTINGHOUSE COMPANY. 


The majority of the motor-vchicies used in Europe have been 
equipped by the French Westinghouse Company. 

The motor-vehicles on the Westinghouse system have either one or two 
driver's cabins, according as to whether they have to run in one or both 
directions, and are of two types. The first has a 6o-h.p. petrol engine 
with four cylinders, and the other has a 9o-h.p. engine with six cylinders. 
All these cars have been constructed on the same principle. The engine 
has vertical cylinders of 140 mm. diameter and 160 mm. stroke, and is 
connected through a flexible coupling to a continuous-current generator 
with shunt excitation. The pressure of the generator can be varied 
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between 300 and 550 volts by altering its excitation and the speed of 
the petrol engine. The generator supplies current to the two electric 
motors driving the axles of the car. 

The electrical plant is always placed crosswise in the driver's cabin. 
There is only one exception to this arrangement : the motor-trains 
used on the Ooster Stoomtram system (Holland), which does not carry 
passengers, the electrical plant being placed parallel to the axles in 
the centre of the car in a special compartment situated between the 
two luggage compartments. 

The engine and the generator are placed on a frame of rolled 
sections. In order to minimize the vibrations caused by the explosions 
of the engine a block of wood and an elastic plate are placed between 
the bedplate of the electric generator and the frame of the car. 

Each drivers cabin contains a special controller with two handles 
for connecting the motors in series or parallel, adjusting the excitation 
of the generator, varying the speed of the petrol engine, and that of the 
car in either direction ; also measuring instruments, an ammeter, a volt- 
meter, a circuit-breaker, etc., and apparatus for controlling the hand 
brake and the air brake ; the air brake is generally fed by an electrically- 
operated compressor having an automatic pressure-regulator. 

The petrol tank and the water tank are fixed in the cabin con- 
taining the engine. The petrol tank has a double casing and is filled 
from the outside. The radiator and the silencer are placed on 
the roof of the car. The engine, which is fitted with mechanically- 
operated valves, water-cooling, and high-tension magneto ignition, 
has an arrangement for omitting the compression, so facilitating 
starting up by means of a handle. А centrifugal governor, acting 
on the air admitted to the carburettor, limits the speed of the engine 
to about r,ooo revs. per minute. 

The driver starts the car and regulates the speed by means of the 
controller. The operation of the controller handle, as in the case of 
a tramcar, connects the motors in series or parallel, and also varies 
the excitation of the generator. To vary the amount of air admitted 
to the carburettor, and thus the speed of the engine, the driver turns 
the top portion of the controller handle, which by means of a 
connecting wire acts on the governor of the engine. "This control is 
therefore independent of the field circuit of the generator and thc 
connections of the motors. If the stud in the handle is released, 
the engine slows down, the dynamo ceases to generate current, and 
the car stops. This contrivance operates therefore in the case of 
any failure on the part of the driver. 

The two motors are first coupled in series and all resistance cut 
out of tbe generator field, the pressure supplied by the generator 
being determined by the speed of the set. The two motors are then 
connected in parallel, the generating set running at its maximum 

. speed, and the excitation, which had previously been reduced, being 
gradually increased. 

On a certain number of the cars a combined voltmeter-ammeter 
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has been installed, which enables the driver, by observing the point 
where the two needles cross, to keep the power supplied by the set as 
constant as possible. 

The carriage is heated by the circulating water from the cylinder 
jackets of the engine. The lighting is generally by acetylene, this 
gas being dissolved under pressure in acetone contained in a bottle. 

These Westinghouse cars, the dimensions of which vary according 
to the railway system on which they are used, are able to haul one or 
two trailers. 


MOTOR-VEHICLES OF THE BERGMANN ELEKTRICITATS-UNTER- 
NEHMUNGEN AKTIEN-GESELLSCHAFT. 


For some years past the Prussian State Railways have been en- 
deavouring to develop the use of motor-vehicles. After having suc- 
cessively adopted steam motor-cars and accumulator cars, the Prussian 
State Railway management in 1907 started to experiment with petrol- 
electric motor-vehicles ; the results of these tests were sufficiently 
satisfactory to induce these authorities to go in for some petrol-electric 
cars, the construction of which was entrusted to the Allgemeine 
Elektricitáts Gelleschaft and the Bergmann  Elektricitáts-Unter- 
nehmungen Aktien-Gesellschaft. The cars constructed by the two com- 
panies on the lines apportioned to them have many points in common. 

Each of the cars equipped by Messrs. Bergmann comprises an 
electric generating set, spring-supported, which rests directly on the 
two axles of one of the two bogies of the car, the other bogie carrying 
the two electric motors to which current is supplied by the generator. 
This arrangement and the spring suspension of the generating set on a 
bogie facilitate the rapid replacing of the set, and avoid the transmission 
of the vibrations due to the engine to the body of the car. Moreover, 
the body of the car is entirely distinct from the generating plant, the 
engine being covered with a removable hood. "Thisarrangement, based 
on that usually adopted on automobiles, has the advantage of avoiding 
all heat and smell in the interior of the car, and also reduces the danger 
of fire to a minimum. 

The benzol engine has six cylinders, each of 170 mm. diameter 
and 180 mm. stroke, the two groups of three cylinders being arranged 
in the form of a V, the angle between each set of three cylinders being 
60 degrees. The engine develops about roo h.p. and runs at 700 revs. 
per minute. 

The centrifugal governor controls the admission of the gas, and is 
connected to the controller handle so that the speed of the engine is 
reduced automaticallv to one-third when the engine runs without a load. 

The silencer is placed vertically in front of the forward partition 
of the body of the car. 

The electric lighting is effected by a battery of accumulators, which 
is also required for other purposes. Forced lubrication is used ; and 
the water for cooling the engine is circulated by a rotary pump. The 
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radiator is placed on the roof of the carriage, and an electrically- 
driven fan blows air on the radiator in such a way as to cool the water 
whatever the speed of the car may be. The car is heated by the 
circulating water. 

The engine is started by means of compressed air, three of the 
cylinders working as 2-cycle compressed-air motors, whilst the 
remaining three cylinders take in carburetted air. Thus, during 
starting, the engine operates in two ways, viz. with compressed air 
and with liquid fuel. The compressed air is obtained from the reservoir 
for the air brake, the air compressor being driven by a benzol engine. 
The engine weighs 2,500 kilograms. The liquid fuel is stored in a reser- 
voir, being covered with an inert gas under pressure, either nitrogen 
or carbonic acid being used ; the latter are stored in a gas cylinder. 
The reservoir, with the idea of reducing leakage, has only one opening 
on the top, and is placed as low as possible. The continuous-current 
generator, the pressure of which is varied by altering its excitation, is 
direct-coupled to the engine, and is fitted with commutating poles and 
a compensating winding. It can develop continuously 66 kw. at a 
pressure of 300 volts and a speed of 700 revs. per minute. As the speed 
of the car is only controlled by varying the excitation of the generator, 
it is necessary to use accumulators to maintain a steady pressure for 
the electric lighting of the car, the electric alarm bell, the field wind- 
ings of the motors, and for exciting the main automatic switch. By 
means of the arrangement described below, this generator with its 
variable pressure can supply current to the auxiliary circuit for 
charging the battery. 

The principle of this arrangement is as follows :— 

The generator has a shunt field winding of the ordinary type con- 
nected between the two terminals of the machine, but with this 
difference, that a portion of this winding is permanently connected in 
parallel with the battery of accumulators; and in series with the 
remaining portion of the winding is a rheostat. Оп the first notch 
of the controller, the portion in parallel with the battery is alone in 
circuit, and is fed by this battery. This portion of the winding 
is designed so that when the generating set has gradually reached its 
normal speed of 700 revs. per minute the excitation is sufficient to 
start the car. On the second and following notches the two portions 
of the shunt winding and the rheostat are inserted in series between 
the two terminals of the generator, one part of the winding, however 
remaining in parallel with the battery. The resulting excitation is pro- 
duced, on the one hand, by the circulating current due to the pressure 
of the generator, which feeds both portions of the shunt winding, and 
on the other hand by the supplementary current supplied by the 
battery in that portion of the winding which is in parallel with the 
battery. On cutting out the resistance gradually, the pressure of 
the generator will increase, whilst the current supplied by the battery 
will diminish, and finally reverse, the battery then being charged by 
the generator. 
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Each of the two electric motors, which are of the series type and 
are fitted with commutating poles, develops 85 h.p. for one hour. 

The car has at each extremity a driver's cabin containing a con- 
troller, the apparatus for working the hand brake, and the compressed- 
air brake, as well as the safety apparatus. The controller has two 
handles, one for changing the direction of motion of the car, and the 
other for regulating the speed. The latter handle is fitted with a push 
button, so that should the driver remove his hand from the controlling 
handle when the latter is on one of the forward notches, the whole of 
the current is cut off and the compressed-air brake is immediately 
brought into action. 

The following are the principal dimensions of the car :— 


Metres, 
Length over buffers ... m T 2. 20°95 
Distance between the axles of the two bogies сез e. 138 


Whecl-base of each bogie carrying the generating plant — 3:8 
Wheel-base of the bogie carrying the electric motors... 2'5 
Length of the body of the car - ы an e. 16S 


The car has two compartments, that near the electric generating 
set is a fourth-class compartment with seating accommodation for 
22 passengers and standing room for 28; the other is a third-class 
compartment with seating accommodation for 50 passengers. This 
car with its accommodation for 100 passengers weighs 47 tons, and 
reaches on a level a speed of 70 km. per hour. The benzol engine 
was constructed by the Gasmotoren-Fabrique Deutz, and the electric 
equipment was supplied by the Bergmann Company. 


MOTOR-VEHICLES OF THE ALLGEMEINE ELEKTRICITATS GESELLSCHAFT. 


The motor-vehicles supplied by the A.E.G. Company for the Prussian 
State Railways are arranged to a considerable extent on the same plan 
as those of the Bergmann Company. The electric generating set is 
carried by one bogie, and the two electric motors by the other. The 
body of the car is self-contained, and the benzol engine is covered 
with a removable hood. The car has two driver's cabins. 

The benzol engine has four vertical cylinders of 196 mm. 
diameter and 260 mm. stroke, mechanically-operated valves, spray 
carburettor, high-tension magneto ignition, and water-cooling. It is 
provided with a centrifugal governor, which limits the speed to 
700 revs. per minute. At that speed the engine develops 120 h.p. A 
special device operated by the controller automatically reduces the 
speed to 250 revs. per minute when the engine runs without load. 

The engine is started by compressed air, and drives the generator 
through an elastic coupling. The continuous-current generator, which 
has commutating poles, and is arranged for shunt and independent 
excitation, gives a pressure of 300 volts and a normal power of 66 kw. 

The compound-wound exciter gives 70 volts and a power of 2:5 kw., 
and is fixed on the shaft of the main generator. Each electric motor is 
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rated at 82 h.p. for one hour. The speed of the car is controlled by 
varying the independent excitation of the generator. 

The electric lighting of the car is supplied from the exciter and the 
battery, which are connected in parallel when the speed of the electric 
generator is 700 revs. per minute. When the speed is below this (that is, 
when the engine runs unloaded) the exciter is automatically cut out of 
circuit by means of a circuit-breaker ; the lighting is then obtained 
from the battery. 

This car, the body of which is 16495 metres long, comprises a third- 
class compartment and a fourth-class compartment, and provides 
accommodation for 95 passengers. In working order this car weighs 
35 tons, and has a speed on the level of 65 km. per hour. 

This car was placed in service in October, 1911. The benzol engine 
was constructed by the Neuen Automobil Gesellschaft, and the electric 
equipment was supplied by the A. E.G. 

The same company has built, for branch lines, another type of 
petrol-electric car of 55 h.p., which was recently placed in service on 
the East German railway system at Kónigsberg, East Prussia. The 
electric generating group is situated in one of the two driver's cabins, 
but is supported on springs from the frame of the bogie beneath. By 
this arrangement the vibrations of the engine are not transmitted to the 
body of the car. The two electric motors are placed on the other 
bogie. 

The benzol engine has four vertical cylinders and is water-cooled. 
It has forced lubrication, high-tension magneto ignition, and a centri- 
fugal governor, and develops from 55 to 58 h.p. The radiator is 
placed on the roof, and the water and benzol reservoirs are placed in 
the driver's cabin. The benzol engine drives the generator through a 
flexible coupling. The generator is of the continuous-current type, and 
has commutating poles and separate excitation. The exciter is belt- 
driven from the engine. The control of the car is effected by varying 
the excitation of the generator. 

This car has seating accommodation tor 12 passengers in the second- 
class, and 15 in the third-class compartment, and it attains a speed on . 
the level when two trailers are attached, of at least 30 km. per hour. 


MOTOR-VEHICLES OF THE GENERAL ELECTRIC COMPANY. / 


The motor vehicles of this company, which are used to some extent 
in the United States of America, all have the same type of petrol- 
electric equipment and the same arrangement of their component 
parts. 

The General Electric Company's motor-vehicles have only one 
driver's cabin, the front of which is torpedo-shaped in order to reduce 
the resistance of the wind. This cabin contains the main generating 
set and an auxiliary generating set. The two electric motors are lodged 
on the front bogie beneath the driver's cabin. 

The main set, which is placed longitudinally in the car, consists of a 
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gasolene engine driving at one side an electric generator and at the 
other an air compressor. 

The auxiliary set, also placed longitudinally but at one side of the 
car, comprises a petrol engine driving an electric generator and an 
air compressor. 

The main engine has eight cylinders of 203 mm. diameter and 254 mm. 
stroke arranged in the form of a V. The engine is cooled and has 
mechanically-operated valves and two low-tension magnetos for ignition, 
with magnetic break. Forced lubrication is used, and the engine is 
provided with a valve for regulating the speed. The normal specd of 
this engine is 550 revs. per minute. 

The main electric generator, mounted on the engine shaft, has 
eight poles as well as commutating poles, and supplies continuous current 
at боо volts, being capable of supplying a power of оо kw. Its 
carcase is bolted to the bedplate of the engine, the end of the shaft being 
supported in a bearing. 

The main air compressor, directly fixed to the engine shaft, has a 
cylinder of 120 mm. diameter and 101:6 пип. strokc. This compressor 
is fitted with an automatic pressure regulator. 

The starting of the main engine is effected by means of compressed 
air contained in reservoirs placed on the car, which are supplied by 
the compressor of the main set or of the auxiliary set. 

As the voltage of the generator varies from 200 to 800 volts, accord- 
ing to the power required for traction, it is necessary, to ensure the 
satisfactory electric lighting of the car and to supply the inital charge 
of air for starting the main engine, to use an auxiliary set. The 
auxiliary engine has three vertical cylinders, the one in the centre 
being used as an air compressor. The other cylinders have a diameter 
of 120 mm. and a stroke of 152 mm. The compressor cylinder has a 
diameter of 133 mm. and a stroke of 152 mm. This cylinder can 
supply compressed air at a pressure of 6 kilograms per square 
centimetre. 

A centrifugal governor maintains the speed of the engine—6oo revs. 
per minute—constant. This engine is started by hand. The cooling 
system and the ignition are the same as in the case of the main engine. 

The auxiliary generator, which gives a pressure of 125 volts and has 
a capacity of 1°5 kw., is direct-coupled to the engine shaft. The two 
electric motors, which are fitted with commutating poles and are of 
the G.E.-205 type, are designed for a pressure of 600 volts and can 
each develop тоо h.p. for one hour. 

The starting of the car and the regulation of the speed are carried 
out by means of the controller, which connects the motors in series 
and parallel and varies the excitation of the main generator. The 
controller has three handles—the first one for changing the speed of 
the car, the second for connecting the motors in series, etc., and 
adjusting the excitation of the generator, and the third one for starting 
the engine by compressed air and regulating the admission of the 
gas. The last-mentioned handle is so arranged that when pressure 
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is brought to bear on a lever fixed to the handle, compressed air is 
admitted to the engine through a valve placed beneath the controller, 
whilst the gas can be admitted at the saine time. It is arranged so 
that the gas is only admitted at the correct instant to ensure the 
working of the engine. The engine once started, the lever can be 
released, stopping completely the admission of compressed air. It is 
not possible to admit the compressed air again to the engine without 
bringing the handle to its initial position, corresponding with the 
shutting off of the gas. 

The radiator is placed on the roof of the car. The petrol engine is 
placed on the car itself, and a pump worked by the engine sucks in the 
petrol. A hand pump has to be used instead of this pump when the 
engine is not running. А hot-water stove heated with coal is used to 
warm the car. The stove can be connected with the circulating water 
for cooling the engine in order to prevent the water freezing and 
cracking the cylinders when the car is put in the shed for the night. 

The cars are constructed entirely of metal, and according to the 
type to which they belong have seating accommodation for бо to тоо 
passengers, and weigh from 40 to 50 tons, of which 6 tons is accounted 
for by the bogies and 15 tons by the petrol-electric equipment. They 
are capable of developing a draw-bar pull of about 5,500 kilograms, and 
a speed on the level of about 9o km. per hour. 


MOTOR-VEHICLES OF THE BRITISH THOMSON-HOUSTON COMPANY. 


The Great Western Railway Company of England is at present 
experimenting with a motor-vehicle having only two axles, and the 
electric equipment has been supplied by the British Thomson-Houston 
Company. 

The car consists of two driver's cabins, one at each end, and a 
compartment for passengers. The petrol engine of 40 h.p. drives a 
dynamo which supplies current to two electric motors, each of which 
transmits power to one axle. The generator set is placed in one of the 
driver's cabins. This car weighs 14 tons, and has seating accommoda- 
tion for 44 passengers. 


SwEDISH STATE RAILWAY MOTOR-VEHICLES. 


The petrol-electric motor-vehicles at present undergoing trials on the 
Swedish State Railways are particularly interesting because they are the 
first to be equipped with Diesel engines for use on railways. This type 
of engine has been introduced іп order to reduce the cost of fuel, which 
was considered too high in the case of the petrol engine. 

These cars are of the petrol-electric type with electric transmission. 
Each motor-vehicle has a Diesel engine of 75 h.p. at 700 revs. per 
minute, coupled to a 50-kw. continuous-current generator feeding the 
two electric motors, each of 30 h.p. The generating set is placed 
crosswise in one of the two driver's cabins. 

'The Diesel engine used has six vertical cylinders, water-cooled, and 
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also a supplementary cylinder for supplying the compressed air necessary 
for starting the engine and for injecting the petrol for starting. 

This engine, which is provided with a governor, drives an oil pump, 
and a compressor for supplying the air for the brakes. The silencer 
placed under the car is supplied by a pipe carried on to the roof. The 
radiator is also placed on the roof. 

The water for cooling the engine is circulated by a pump driven 
through gear by the engine. The reservoirs for the oil fuel are in the 
cabin containing the generating set, and the water reservoir is in 
the baggage compartment. ‘The supply of fuel and water is obtained 
by means of a hand pump in the cabin. 

The fuel consumption is said to be 225 grammes of oil per horse- 
power-hour at the full load of 75 h.p. 

The generator gives a variable pressure from zero to a maximum of 
440 volts according to the speed of the engine. It has commutating 
poles and is connected to the engine by means of a leather-belt flexible 
coupling. The engine and generator stand on one bedplate. 

Each driver's cabin contains the necessary apparatus for starting 
the car and for putting on the brakes ; also the controller (which has 
two handles), a wattmeter, a brake cock, air whistle, etc. 

А battery of 23 cells and of 200 ampere-hours capacity is auto- 
matically connected to the generator when the latter is running with- 
out load, i.e. when the саг is at rest or running down an incline. This 
battery providesthe lighting of the car, as well as supplying the auxiliary 
apparatus used in working the car. 

The speed of the engine is regulated by a small electric motor 
operated from the controller. The starting of the car is effected as 
follows : The petrol engine having been started by means of compressed 
air, and the “forward-reverse” handle of the controller having been 
moved to the notch for the direction required, the driver of the car 
presses the button on the second handle of the controller so as to cut off, 
by means of the main switch, the circuit of the generator and the two 
traction motors, which latter are connected in parallel ; then he moves 
the handle gradually from the “stop” position, at which the engine 
runs at 350 revs. per minute, to the position of full'speed, which 
corresponds with a speed of 700 revs. per minute. During this proce- 
dure the speed of the engine is gradually increased by means of the 
small control motor, and the car is started without any loss of energy, 
as no starting resistances are employed. 

When the normal speed of the engine is reached, the regulation of 
the car's speed is effected automatically, the design of the generator 
and of the electric motors being such that the power taken from the 
petrol engine is remarkably constant and cannot exceed the maximum 
power that the engine can give. 

The arrangement to ensure the greatest measure of safety in 
working is as follows, one attendant only being required : On the 
roof of the car and on each side wooden bars have been fixed íor 
keeping a spring mechanism in position. If the car passes beyond 
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a signal which is at danger, one of the bars strikes an arm fixed to the 
signal, opens a switch in the motor circuit, and puts the air brake in 
action, thus stopping the train. Ап auxiliary emergency brake placed 
in the compartment for passengers allows the above mechanism to be 
similarly operated, should this ever be necessary. 

These motor-vehicles are of the three-axle type, in which two of the 
engines are cooled, and comprise a driver's cabin (containing the 
electric generating set), a baggage compartment, a passenger com- 
partment with seating accommodation for 39 passengers, a platform 
for access to the passenger compartment, and a driver's cabin. They 
weigh 26 tons and are built for a maximum speed of 60 km. per hour. 
The electric equipment was supplied by the Allmanna Svenska 
Elektriska Aktiebolaget. 


MOTOR-VEHICLES OF THE PIEPER TYPE. 


The principle of all the previously described cars consists 
essentially in the total transformation of the mechanical energy of 
the internal-combustion engine into electrical energy, which in turn 
is transformed into mechanical energy at the axles of the car. These 
cars have electrical transmission. 

The automobiles on the Pieper system are of the mixed-transmission 
type, with energy storage and regeneration. In this system the 
internal-combustion engine drives the axles directly by means of a 
cardan shaft and bevel gear. А shunt dynamo fixed on the engine 
shaft is connected to a battery of accumulators. This dynamo can 
operate as a generator or as a motor by regulating its excitation. 

When the power of the engine is insufficient, the battery automati- 
cally supplies the supplementary energy to the dynamo, which then 
receives energy and operates as a motor. When the power given by 
the engine is in excess of that required for traction, or when the kinetic 
energy of the car can be recuperated, i.e. when the car is slowing down 
or running down a gradient, the dynamo works automatically as a 
generator and charges the battery. 

The admission of the gas to the engine is controlled by an auto- 
matic regulator consisting of a differential solenoid with two windings. 
In one of these windings, that fed by the battery, a current flows continu- 
ously in the same direction ; the other, a series winding, is in circuit with 
the battery, and the dynamo carries a current the direction of which 
varies. This series winding is arranged so that it reduces or increases 
the amount of gas admitted according as the battery is or is not supply- 
ing power. Ап electromagnetic clutch is interposed between the engine 
and the axle, and the engine is able to rotate in either direction. 
Reversing is effected by means of an electromagnet controlled by 
either of the controllers. The type of controller used to drive the 
car has two handles, one serving the purpose of starting the engine in 
either direction, and the other for gradually regulating the speed and 
braking. 

In order to start the car, the driver puts into action the electro- 
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magnet for changing the speed of the engine, by means of the con- 
troller, and starts the engine by sending current from the battery 
into the dynamo, which is excited to the maximum. The engine 
having been started, the driver by means of the other handle of the 
controller gradually admits current from the battery into the electro- 
magnetic clutch. This starts the car smoothly, and its speed is after- 
wards increased by gradually diminishing the excitation of the dynamo. 
The car having thus been put in motion, its control is afterwards 
effected automatically. 

When the car reaches a gradient, should the resisting torque on the 
wheels become greater than the turning moment of the engine, the 
speed of the latter diminishes, the voltage of the dynamo falls and 
becomes less than that of the battery. The battery then discharging 
into the dynamo produces a torque which assists that of the engine 
until it balances the resisting torque of the car. The assisting couple 
produced by the motor is moreover a maximum, since the admission of 
the gas, which is governed by the discharge current, is likewise at a 
maximum. 

Similarly, when the car arrives on a gradient, if the resisting couple 
is less than the turning moment of the engine, the speed of the latter 
tends to increase, and the voltage of the dynamo rises so that the dynamo 
begins to charge the battery. This charging current passing through 
the regulator results in the rate of admission of the gas being reduced 
to the minimum and the torque of the engine becomes zero. For each 
section of the route equilibrium is obtained between the three torques, 
viz. the torque of the car, the torque of the engine, and the ee or 
motoring torque of the dynamo. 

In order to slow down or accelerate at will the speed of the car, it is 
sufficient to upset this equilibrium. То slow down, the resisting torque 
must be increased ; this is done by the driver increasing the excitation 
of the dynamo, which then begins to charge the battery. This charg- 
ing current diminishes the rate of admission of the gasand consequently 
the driving torque. The loss of kinetic energy stored in the car is thus 
restored to the battery. 

For accelerating purposes the driving torque must be increased, i.c. 
the excitation must be diminished. When the car is at rest, the enginc 
clutch is disengaged. The engine may then be either stopped or 
changed to low speed in order to charge the battery. 

This discussion shows that the internal-combustion engine owing to 
its constant connection with the axles of the car, and owing to the fact 
of its being automatically governed, works with variable cut-off. On 
gradients especially it runs at reduced speed and full admission, whilst 
on the level it runs at maximum speed and throttled cut-off. The 
internal-combustion engine must therefore be so designed that the total 
energy supplied during the various stages corresponds with the total 
energy developed during the complete return journey on the route in 
question, together with, of course, the loss of energy in the dynamo and 
the battery. This type of motor-vehicle, which requires accumulators, 
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has also the advantage of storing energy when the car is slowing down 
or running down gradients. The motor-vehicles in operation on the 
Pieper system in France, by the Compagnie des Chemins de Fer de 
Grande Banlieuc, from Saint-Germain to Poissy, are arranged as 
follows :— 

The generating set with its two clutches is suspended on springs by 
two longitudinal girders from the frame of the car, between the two 
bogies, below the luggage compartment. This set drives the extreme 
axle of each bogie through a cardan shaft and bevel gear. 

The engine has four vertical cylinders of 155 mm. diameter and 
200 mm. stroke, and piston valves are used. The engine is water- 
cooled, is fitted with speed-gear, and uses benzol as fuel. The silencer, 
the radiator, and the fuel reservoir, are placed on the roof. 

The car has two driver's cabins, each supplied with a controller and 
the apparatus for operating the hand brakes and air brake. These 
brakes only act on the wheels. 

The heating of the car is effected by the circulation of the cooling 
water, and the current for electric lighting is taken from the battery. 

The principal dimensions of the car are as follows :— 


Metres. 


Distance from axle to axle of the bogies... Sea ыб 
Wheel-base of each bogie ... ке 268 s 975 
Length of the body of the car oh s e. 14757 


The car has two compartments, one first and one second class, situated 
on either side of the baggage compartment, which is in the centre. 
There аге two platforms with side-entrances between the two passenger 
compartments and the two driver's cabins. This car has seating 
accommodation for 12 passengers in the first-class and 21 in the second- 
class compartment, and standing room for 16. It weighs 21'7 tons, 
and can haul two то-іоп trailers on the Poissy—Saint-Germain line, 
which has a gradient of 50 mm. in a length of 500 metres. 


THE THOMAS PETROL-ELECTRIC SYSTEM. 


A motor-vehicle of this type with mixed transmission is in service 
on the Central South African Railway, on a line with a gauge of 
I'067 metres. 

This car has a petrol engine, epicyclic gear, and two dynamos. 
The whole works on Mr. Gasnier's electro-mechanical method of 
varying the speed.* The electric generating set is placed in the 
centre of the car and drives through a cardan shaft and gear the 
extreme axle of each of the two bogies. 

The gear-box, which contains a double train of epicyclic gear, serves 
as a flywheel, and is directly attached to the engine shaft. A dynamo 
has its armature fixed on a shaft concentric with the engine shaft. 


* Bulletin de la Société Internationale des Electriciens, vol. 8 (2nd Series), p. 81, 1908. 
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On this shaft there is a small pinion which engages with the planet 
wheels. 

When the speed of the car corresponds with the normal speed of 
the engine, the whole of the gear remains stationary, and the gear-box, 
the armatures of the dynamos, and the shafts, rotate as one piece. 
The transmission is then direct, and all the energy is transmitted as 
mechanical energy. 

When the speed of the car does not correspond with the normal 
speed of the engine the above parts undergo a corresponding dis- 
placement. Part of the energy of the engine is then transmitted 
direct through the gear as mechanical energy, and the remainder is 
transmitted by the dynamos, of which one works as a generator while 
the other receives electrical energy. 

The dynamos are series wound and are permanently connected in 
series, and the car is started and its speed controlled by varying the 
excitation of the two dynamos. Each of these can generate 50 h.p. for 
a period of 30 minutes, when running at a speed of 500 revs. per 
minute, and weighs 454 kilograms. 

The engine has six vertical water-cooled cylinders, each of 178 mm. 
diameter and 228 mm. stroke, with high-tension magneto ignition, and 
develops 120 h.p. at 670 revs. per minute. It is capable of giving 
200 h.p. when run at a higher speed. The radiator is placed on the roof 
of the car. 

А battery of accumulators, which can be charged from one of the 
dynamos, the latter being converted in that case into a shunt dynamo. 
provides the lighting of the car and the starting up of the engine, and 
can, if necessary, drive the car. This battery is placed beneath the 
seats adjacent to the luggage compartment. 

The car has two driver's cabins. 

The equipment allows the following processes to be performed :— 


1. The engine is started by supplying current from the battery to 
one of the dynamos, which then operates as a motor. 

2. The car is started either forwards or backwards, and the speed 
is regulated by means of resistances in the exciting circuit of 
the dynamos. At full speed the two shafts of the dynamos, 
by means of a device operated by the controller, are locked 
together. 

3. The battery is charged when the car is at full speed by one of 
the dynamos which has been converted into a shunt 
generator, resistances being inserted in the circuit. 

. When required the car can be driven by the accumulators. 

. Electric braking is provided, the dynamos running as 
generators when short-circuited through resistances. 

6. The change in the direction of motion of the car is brought 
about by the change in the direction of rotation of the 
engine, which is stopped and then started in the opposite 
direction by means of the battery. 


л + 
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The following are the dimensions of the car :— 


Metres. 
Gauge... 2^ is € se iis 1'067 
Distance from axle to axle of the bogies... 7°45 
Wheel-base of each bogie  ... d T 1'52 
Length of the car bodv же oe we 114 


The car has a luggage compartment in the centre, directly above 
the engine. Only the cvlinders of the engine project above the 
floor of the compartment. Seating accommodation is provided for 
42 passengers. The total weight of the car is 21:5 tons, of which 
7tons is due to the petrol-electric equipment. Whenrunning without a 
trailer a speed of 80 km. per hour was reached on the level, and with a 
16-ton trailer a speed of 7o km. per hour. 


GENERAL CONSIDERATIONS. 


The Adoption of Motor-vchicles.—The advantages of independent . 
motor-vehicles, no matter of what type, whether steam, accumulator, 
petrol with mechanical transmission, or petroi-electric, depend essen- 
tially on the possibility of forming trains of less weight, and conse- 
quently of employing a greater number of trains than is the case with 
steam locomotives. This increase in the number and frequency of the 
trains should generally result in an increase in traffic, and consequently 
in the revenue, which would cover—supposing that the working 
expenses, viz. the cost of fuel and maintenance, are not too high—the 
initial capital outlay of certain secondary or local lines which, if 
operated with steam locomotives, could not give such good results. 

'This use of independent motor-vehicles could even be extended to 
certain main lines of important railway systems, and would allow an 
increase in the actual overall speed of long-distance trains, by doing 
away with stops at the less important stations, such stations being served 
with independent motor-trains. This method of working, viz. separat- 
ing the general traffic from the local traffic, would make it possible to 
do justice to the requirements of these two kinds of traffic, which ` 
requirements are at present so conflicting ; and in that way it would 
bring about an increase in the speed and frequency of communication, 
both of which are so much insisted upon by the travelling public. 

The Use of Retrol-electric Motor-vehicles.—The introduction of petrol- 
electric cars has numerous advantages. 

By using internal-combustion engines the car is always ready to 
start, and only a short time is required to take in fuel, etc., for long 
journeys. 

The starting is as rapid as in the case of all vehicles adapted for 
electric traction, consequently the net speed is increased. One man 
only is required to drive the car, which is easy and safe to work. The 
driver, having neither a fire to look after nor a pump or injector to 
attend to, can concentrate all his attention on the speed of the car, and 
on the track and the signals. The absence of smoke, and the fact that he 
stands at the front of the car, facilitate his observation of signals, etc, 
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The petrol-electric cars are very flexible as regards their operation, 
owing to the system of control employed. 

If the stops are of long duration the engine can be shut down and 
any waste of fuel thus avoided. The cylinders of the internal-combus- 
tion engine can be water-cooled, which could not be done in the сазе 
of steam cars. 

The maintenance of petrol-electric cars can be attended to without 
interrupting the service, whilst the maintenance of locomotives and 
steam cars requires their removal from service for the frequent cleaning 
of the boilers. 

Repairs are rarely necessary to well-cared-for cars, and the removal 
from service for this purpose is consequently of short duration, the 
parts to be repaired or replaced being of comparatively small 
weight. 

The use of petrol-electric vehicles, moreover, cannot result in 
the burning of vegetation bordering the track, which often happens in 
the case of locomotives and steam cars due to the scattering of sparks. 

The use of two driver's eabins dispenses with the necessity of turning 
the car at the terminus, and consequently with turning-tables, loops, or 
reversing triangles. 

The reduced weight of the petrol-electric cars and their smooth 
running reduce the wear of the rails to a minimum. 

Petrol-electric cars with electric motors are capable of working 
either from overhead wires or from a third rail on railway sections 
equipped for clectrical working. Оп other sections of the track the 
cars work by means of their own electric generating plant. 

The petrol.clectric cars with electric motors can bc coupled 
together by very simple contrivances to form trains which can bc 
operated from one of the driver's cabins, as is done in the case of 
multiple-unit clectric traction. 

Finally, it must be pointed out that the petrol-electric car having 
no permanent inechanical connection between the engine and the axles 
may be placed between any two carriages of a train hauled by a steam 
locomotive, and may be used as an ordinary carriage. At any point 
en route the petrol-electric car may then be removed and continue its 
journey in any desired direction by its own means of propulsion. In 
this way several distinct trains may be combined as one train, each 
section branching off as required. 

The principal disadvantage of the petrol-electric car, and one not to: 
be overlooked, consists in the danger of fire, consequent on the use 


of a highly inflammable liquid fuel. However, this danger can be 
completely overcome as follows :-— 


By using a car entirely constructed of steel and with a concrete 
floor. 

By enclosing the engine in a compartment with a duplicate iron- 
sheet partition, the space between the two sheets being filled 
with fire-proof composition. 
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By automatic admission of the fuel to the engine, the supply 
being interrupted in the case of firc. 

By keeping the liquid fuel in a reservoir under an inert gas, and 
not in contact with the air. 

By storing the fuel with an inert gas under pressure. 


As to the seemingly complicated structure of the car, it must be 
pointed out that the component parts are very simple, and the most 
complicated part, the internal-combustion engine, has been so 
extensively adopted that this point need not be discussed. 


ADVANTAGES AND DISADVANTAGES OF THE VARIOUS PETROL- 
ELECTRIC SYSTEMS. 


Thomas System.—The position of the engine depends on that of 
the axles to be driven. For cars with a long wheel-base, the mechani- 
cal transmission must be considerably extended if the engine drives {һе 
axles of the two bogies. To reduce the length of the transmission the 
engine need only drive one bogie. 

The engine, owing to the mechanical transmission, is subject to 
shocks when the wheels pass over joints in the rails, points, etc. Spring 
devices can be inserted between the axles and the engine to minimize 
the effect of these shocks, but the mechanism is thereby complicated 
still more. 

The engine must be designed so that it can rotate in both direc- 
tions, i.c. it must be stopped before the direction of motion of the car 
is changed. 

The speed of the engine is independent of the speed of the car ; the 
engine may thus run at a speed which allows it to give its maximum 
power. The direct drive (the engine driving direct on to the axles) 
corresponds only to one value of the tractive effort at the rims of thc 
wheels, and consequently to only one value of the gradient of the track. 
For every other gradient the speed of the car is different from that of 
the engine, and the electro-mechanical transmission comes in, so 
that the total output must not be appreciably greater than that of 
the electric transmission. 

The size of the engine is determined by the maximum power to be 
supplied to the car (the battery only serving to start the engine). The 
maximum power of the engine may be utilized, no matter what may be 
the gradients of the track, having regard of course to the heating of 
the dynamos. 

The capacity of each of the two dynamosis equal to two-fifths of that 
of the engine, or for the two dynamos together a total of four-fifths, The 
weight and cost of these two dynamos are less than those of the gencra- 
tors and motors in the case of electrical transmission, but account must be 
taken of the weight and price of the mechanical transmission, which is 
relatively very complex (viz. epicyclic gear, concentric shafts, cardan 
shaft, etc.). Other conditions being the same, the total cost of this 
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mixed transmission is at least equal to that of the electric transmission, 
whilst the weight is practically the same. 

Pieper Syslem. — 'The above remarks on the Thomas system, as 
regards the position of the engine, the importance of mechanical 
transmission, the shocks resulting when crossing points, etc., and the 
rotation of the engine in either direction, apply equally to the Pieper 
system. 

The engine driving always direct on to the axles, its speed depends 
on that of the car. The engine cannot, therefore, revolve steadily at 
the speed which would give it its maximum output. 

The power of the engine is determined by the total work to be 
supplied to the car for a journey to and fro on a certain line, together 
with the loss of energy in the dynamo and battery. As the speed of 
the engine and the admission are variable, the result is that this engine, 
other things being equal, has practically the same dimensions as an 
engine for electric transmission. The capacity of the dynamo is less 
than that of the generator for electric transmission, but its speed is 
invariably determined by that of the car. The capacity of the dynamo 
and the capacity of the battery become more important in proportion 
as the track is more hilly and the stations are closer together. ' 

The regeneration on gradients and during braking is particularly 
important on lines having many gradients, or in the case of relatively 
short distances between the stations. 

This system, like that of the accumulator-driven car, presents dis- 
advantages in so far as a battery is required. Other things being the 
same, this petrol-electric equipment, which has a battery in addition 
to mechanical transmission and electromagnetic clutches, costs practi- 
cally the same, and weighs no more than, the petrol-clectric equipment 
with plain electric transmission. | 

Cars with Electric Transmission.—The position of the engine is 
independent of that of the axles to be driven. Simple wires establish 
the electric connection between the generators and the motors driving 
the axles; this electric connection, being flexible, cannot transmit 
to the generating plant the vibrations caused by the track. 

The engine always rotates in the same direction, the change in 
direction of the car being brought about by a change in the direction 
of rotation of the electric motors without stopping the engine. The 
speed of the engine is independent of that of the car. The engine can 
rotate at a speed which allows it to give the maximum power at the 
maximum thermal efficiency. The power of the engine is determined 
by the. maximum power to be supplied to the car, taking the output ot 
the dynamos into account. This maximum power of the engine can be 
utilized no matter what the inclination of the track may be, provided 
the limiting temperature of the dynamos is not exceeded. The total 
capacity of the generator and motors is about double that of the engine. 

From this brief comparison it follows that the simplicity of electric 
transmission and its flexibility justify its almost exclusive use in 
the case of such motor-vehicles. 
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It is indeed relatively important, from the point of view of the 
economical operation of a railway, to achieve two results which appear 
to be diametrically opposed to each other and which illustrate what 
may be called the elasticity of the motor-vehicle :— 


I. To beable toraise the speed of the car gradually up to its maxi- 
mum and to maintain any intermediate speed, so as, for 
instance, to keep a particular distance (indicated by the 
signals or schedule) between the motor-vehicle and the pre- 
ceding train, no matter what the speed of the latter may be. 

2. To maintain the speed of the motor-vehicle as constant as 
possible on various gradients. 


The very extensive range of speed is obtained very easily by varying 
the excitation, which has the advantage of affecting an item that 
is less than 4 per cent of the maximum capacity of the generator. 
Owing to the small amount of power in the control circuit, the control 
apparatus, whilst being of small dimensions, can have a great number 
of notches for varying gradually the pressure generated at the terminals 
of the dynamo. 


LIQUID FUELS. 


The liquid fuels used for motor-vehicles are: gasoline or petrol 
(density, 0:680—0:720c) and benzol (density, 0:885). In countries where 
there are no supplies of petrol, the present practice is to use benzol, 
which is a natural product distilied from coal-tar. These two fuels 
have practically the same calorific value, produce almost the same 
power from the engine, and can be used alternatively without any 
modification of the plant. When using benzol it is necessary to start 
with petrol because benzol requires a certain amount of pre-heating. 

In France the price of benzol is about 0'25 franc per litre, whilst 
petrol owing to the duty costs 0°35 franc. 

The cost of fuel could be very much reduced by using heavy oils 
derived from the distillation of petroleum or tar, the prices of which 
are at present relatively low. However, as these heavy oils cannot 
be reduced to a gaseous condition by evaporation like the fuels just 
considered, they must be injected into the engine in a liquid state. 
This necessity has led to the adoption of the internal-combustion 
engine with constant pressure. The cycle of this engine is economical, 
since the compression (35 to 40 kilograms) is much greater than that 
(4 to 5 kilograms) used in engines with constant volume, which 
operate on the Beau de Rochas cycle. 

This high compression requires a strongly constructed machine, 
the heavy masses of which do not allow, on account of their inertia, 
the same rotary speed to be obtained as in the case of petrol 
engines. On that account the price of the generating set is higher, 
both as regards the engine and the generator. 

Of the existing petrol-electric cars, only two cars at present under- 
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going trials on the Swedish State Railways are equipped with 
petroleum engines. The results will be watched with interest. 


INITIAL COST, AND COST OF OPERATION. 


The cost of petrol-electric cars depends on their power, size, 
the furnishing of the interior, and on many other secondary factors, 
such as the number of cars of the same type constructed at the same 
time, the country in which the cars are constructed, etc. There is no 
common basis, therefore, on which to estimate the cost except that 
of size. 

The price of a petrol-electric car varies from 40,000 to 150,000 
francs. А go-h.p. car weighing 20 tons and having seating accommo- 
dation for 40 passengers costs about 50,000 francs. The 120-h.p. car 
of the type used on the Prussian State Railways, which weighs 50 tons 
and provides accommodation for 100 passengers, costs about 90,000 
francs when fitted up for third- and fourth-class traffic. 

The motor-vehicle of the General Electric Company, weighing from 
40 to 50 tons, with accommodation for from бо to тоо passengers, 
costs from 100,000 to 150,000 francs according to the furnishing of 
the interior. The cost varies in consequence from 1°80 to 3 francs per 
kilogram. 

Fuel Consumplion and Cost.—The consumption of fuel by a motor- 
vehicle depends on the power required for propulsion and the efficiency 
of the transmission. The power required for propulsion is essentially 
a variable quantity depending on the profile of the line, the distance 
apart of the stations, the length of stop at each station, the time 
taken to complete the journey, the weight of the motor-vehicle, and 
the weight of the trailers. 

The consumption of fuel therefore depends on the above factors, 
and varies in consequence for the same car according to the traffic of 
the line on which it is operated. It follows, therefore, that when 
making a comparison between different types of petrol-electric cars it 
is not possible to introduce figures for the consumption of fuel per 
ton-kilometre, as the cars would not be in service on the same line. 

Moreover, the consumption expressed per ton-kilometre is unable 
to furnish any reliable indication, seeing that on the one hand the 
track-resistance per ton of the train weight is a function of the weight, 
speed (owing to the effect of wind resistance), and composition of the 
train, and on the other hand the electrical output required increases 
with the nominal power, i.e. with the weight and speed of the train. 
For these two reasons, of which the former is the more important, the 
energy consumption per ton-kilometre is a function of the weight 
and speed of the train. 

The consumption of fuel per ton-kilometre varies in practice be- 
tween 15 and зо grammes according to the profile of the line and 
the condition of the track. It may even reach 40 grammes per ton- 
kilometre if the route is very hilly. The cost of fuel therefore varies 
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per ton-kilometre in the case of petrol from 0'0075 to o'or5 franc, and 
in the case of benzol from o'co42 to o'008. franc. 

Cost of Lubrication.—The cost of lubrication for the car itself, apart 
from the petrol-electric equipment, varies between 0o'0005 and o'ooro 
franc per ton-kilometre. 

Cost of Maintenance and Repairs.—As the petrol-electric system has, 
comparatively speaking, been only recently introduced and has been 
applied in only a few instances, sufficient time has not elapsed to 
enable exact data to be obtained with regard to maintenance and 
repairs. Naturally these expenses increase with the number of years 
a motor-vehicle has been in service. It is likewise necessary to know 
the rate of depreciation for such cars, or at least of the petrol-electric 
equipment, in order to be able to fix the corresponding allowance 
per annum for this item. The only line on which this system of 
traction has been in use for some time is the Hungarian Arad Osanad 
Railway. But owing to the continual improvements and changes 
effected in motor-vehicles, it is difficult to fix exactly the various 
expenses for the repair and maintenance of the cars. On the other hand, 
the petrol-electric system is a development of such importance that 
the maintenance of the equipment would be carried out on a large 
scale and consequently in a comparatively economical manner. Rail- 
way systems with only a limited number of such cars, however, would 
be in a less favourable position. 

By examining the cost of repairs and maintenance of the cars at 
present in service in Europe and America, we may gather that this 
expense per ton-kilometre varies, according to the age of the car, 
between o'oor5 and o'oo40 franc. 


ToTaL Cost or RUNNING PETROL-ELECTRIC VEHICLES. 


Assuming that the fuel used is benzol, as is the case in France, 
the cost of running cars on the pcetrol-electric system is as follows, 
the figures being given per ton-kilometre :— 


Franc. Franc. 
Fuel (benzol) is T -— 0'0042 to о'0084 
Lubrication e TN sik 0'0003 ,, O'OOIO 
Repairs and maintenance $n О'ОО15 ,, O'O040 


Total running expenses ... 0'0062 to 0°0134 


The driver's wages may be taken as о'оодо franc per ton-kilometre. 

As regards “amortization,” although the time that such cars have been 
in use is too short to allow the “ wear and tear” and depreciation to be 
determined from experience, it appears that if we take то per cent per 
annum of the value of the total equipment, including the car itself, 
this estimate is if anything rather too high. As an annual mileage 
of $0,000 kilometres may be expected per car, this means that 
“amortization ” represents about 0'003 franc per ton-kilometre. 

If interest on the capital invested is taken as 5 per cent, this repre- 
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sents 0*0025 franc per ton-kilometre. Thus the total cost of running, 
if wages, “amortization,” and interest are taken into account, is 00177 
to 00249 franc per ton-kilometre. 


ANNUAL MILEAGE AND ACTUAL ‘SERVICE EFFICIENCY." 


In order to show that these cars can be relied upon for the opera- 
tion of a railway system it may be pointed out that petrol-electric 
cars on the Hungarian Arad-Osanad Railway have run more than 
50,000 kilometres without being taken out of service for repairs. 
On this railway system the 4o-h.p. motor-vehicles average 45,000 
kilometres per annum, and the 7o-h.p. trains about 55,000 kilometres. 

It has not been possible to ascertain the “service efficiency” of 
these motor-cars— bv “service efficiency" is meant the ratio between 
the average annual mileage actually realized by each car and the 
theoretical annual mileage which each car might have realized 
without interfering with the service. However, the efficiency for the 
petrol-electric vehicles is higher than that of steam motor-cars, the 
figure for the latter taken over all the systems where such cars are used 
varying between 29 and 65 per cent. 


ERECTION OF FUEL DEPOTs. 


The depots for the fuel must be placed so as to exclude all 
danger of fire. For this purpose the fuel may be kept in a covered 
tank under water (as in the case of the Arad Osanad Railway). The 
depots may also make use of the arrangement adopted by the Com- 
pagnie Générale des Omnibus de Paris for their depóts for hydro- 
carbon oils, viz. always to cover such oils with an atmosphere of inert 
gas, such as nitrogen or carbonic acid, and to prevent the hydrocarbon 
oils from coming in contact with the air under all circumstances. 


LINES SUITABLE FOR PETROL-ELECTRIC CARS. 


What are the characteristics of the lines which can be worked by 
petrol-electric cars? They must have a relatively small but constant 
traffic : small traffic, because the working of a line by petrol.electric 
cars can only be economical with light trains; and relatively constant 
traffic because the limited power of these cars does not allow heavy 
trains to be run. The petrol-electric cars which have been con- 
structed up to the present time are only built to haul one or two trailers. 

The introduction of motor-cars on a railway system necessarily 
leads to the disappearance of mixed trains (passenger and goods trains 
combined), since such trains cannot be economically dealt with by that 
system of traction. It is therefore necessary for the goods trains to be 
hauled by steam locomotives. On days of dense traffic, trains of 
heavier tonnage than usual can be drawn by the steam locomotives 
which are usually employed to haul the goods trains, such locomotives 
replacing the motor-vehicles or being inserted between them. It is 
evident that the use of motor-vehicles is only advisable when such 
changes іп traffic are not too frequent. 
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Since the operation of a system by petrol-electric cars allows a 
greater frequency of trains than in the case of steam engines, such an 
increase in traffic might result that the introduction of electric traction 
would be justified, as electric traction brings about still greater 
economy and a still greater frequency of trains. This result of course 
is exceptional. 


DEVELOPMENT OF STEAM MOTOR-CARS, ACCUMULATOR CARS, AND 
MOTOR-VEHICLES WITH PETROL AND MECHANICAL TRANSMISSION, 


To show the importance of the adoption of petrol-electric cars, it is 
sufficient to compare these with the independent motor-cars that 
preceded this system. 

Steam motor-cars were the first independent motor-vehicles to be 
used on railways. Their introduction dates back almost to the intro- 
duction of railways themselves, the first use of them having been 
made in 1849 between London and Norwich. "This type of car has the 
advantage of age, i.e. of a lengthy trial, and offers railway companies 
the advantage of dealing with the same conditions as in the case of 
steam locomotives, i.e. to be able to employ for the running and 
maintenance of the cars the same staff as for steam locomotives. 

Steam motor-cars have really only begun to be widely adopted 
since 1895, and are relatively few. In топо the total number in service 
in Europe was estimated at about 400, of which more than half were in 
the United Kingdom and the Colonies. At the present time the 
number in use is practically the same, most of the companies who are 
using them not having given repeat orders. 

The accumulator cars which were introduced to remedy the dis- 
advantages of steam motor-cars are even less numerous than the 
latter. Apart from the accumulator cars—relatively few in number— 
owned by the Prussian State Railways, there are only three on trial on 
the Bavarian, Saxon, and Belgian State Railways. This type of inde- 
pendent motor vehicle has been altogether abandoned since the 
introduction of the petrol-electric car. 

The internal-combustion engine car with entirely mechanical trans- 
mission preceded the petrol.electric car. In Europe, with the 
exception of inspection cars, which are of low power, seven petrol 
cars with mechanical transmission are at present in service on four 
foreign railway systems. In America, owing to the fact that the tracks 
are almost level, or at least with only slight gradients, these cars have 
been more widely adopted. 

Petrol-electric cars, the last-comers, seeing that they were introduced 
as recently as 1905, have been adopted on a considerable number of 
railway systems. 

The table facing page 608 shows the number, weight, and size, 
of the petrol-electric cars in use on the various railway systems. 

If the more important French railway companies have so far not 
adopted the petrol-electric system of traction it must be attributed to 
the fact that the branch lines on which such cars might be utilized are 

VoL. 61. 89 


610 DAMOISEAU : MOTOR-VEHICLES. [21st May, 


worked with old rolling stock, in good condition but no longer of use 
on the main lines. 

On branch lines, where the journeys are relatively short, comfort is 
only a secondary consideration ; old rolling stock is used to good 
advantage, and does not require any special knowledge on the part of 
the operating staff, as regards driving, maintenance, and repairs. The 
use of such vehicles, moreover, has the further advantage on days of 
dense traffic (such as market-days) that it is possible to meet the require- 
ments of this traffic by means of mixed trains, as the locomotives are 
powerful enough for that purpose. On the other hand, the consumption 
of coal by locomotives for light trains being only about 9 or ro kilo- 
grams per train-kilometre, the cost of the fuel is about o18 to 
0'20 franc per train-kilometre, or a little less than in the case of the 
petrol-electric vehicle, should the weight of the latter be more than 
40 tons. 

However, if the important French railway companies for the above 
reasons have not adopted this type of motor-vehicle, the trials carried 
out by three important English railway companies with petrol-electric 
cars are worthy of notice, as they show that these companies are 
interested in this kind of traction and are applying it to their lines. 


CONCLUSIONS. 


The four types of independent motor-vehicles are at present : steam, 
accumulator, petrol with mechanical transmission, and petrol-electric. 
Accumulator cars have, however, been abandoned, and as the petrol 
engine with mechanical transmission has not been found sufficiently 
flexible, there remain therefore at present only the steam motor-car 
and the petrol-electric vehicle. 

The characteristics previously enumerated for petrol-electric cars 
emphasize the shortcomings of the steam motor-car, and the con- 
clusion may therefore be drawn that, if the use of independent motor- 
vehicles continues to develop, then the petrol-electric type will become 
the most important. 
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DISCUSSION AT PARIS ON 215т AND 23RD MAY, 1913, ON 
THE PAPERS BY MESSRS. GRATZMULLER, LATOUR, 
PARODI, JULLIAN, MAZEN, AND DAMOISEAU. 


Mr. N. Mazen: I wish in the first place to mention that a serious 
difficulty in applying overhead wires to railways occurs in the case of 
important stations having a large number of parallel tracks, which 
necessitate the use of cross arches supported on light piers. It is 
necessary to make the parallel overhead conductors independent of 
each other, and this the Italians have done on the line from Modane 
to Turin by supporting the equipment of tne double track on posts 
with independent bracket arms erected on each side of the track. 
This is very important from the point of view of equipping temporary 
single tracks. 

Mr. R. T. SmirH: Mr. Parodi's paper is of considerable value as 
showing why the railway electrification problem is quite different in 
America and in Europe, and his statements are not merely opinions 
but are amply supported bv facts and figures. His summary of the 
actual position to-day, first for the electrification of suburban railway 
systems with great density of traffic and short distance between stops, 
second for main-line traffic with low-speed goods traffic and high-speed 
passenger and goods traffic, and third for electrification in hilly 
districts where gradients are steeper than 1 in roo, is the clearest 
presentation of the situation which I have yet seen. He shows that in 
the first case the engineering problems for working suburban traffic 
electrically have been solved. The continuous-current conductor-rail 
system has proved itself so successful that its application has ceased to 
be a matter of engineering and has become a matter of finance. 
In the third case Mr. Parodi shows that for traffic on gradients 
there must be a critical gradient where electric traction becomes 
cheaper than steam traction, but that the, value of this gtadient has 
not yet been determined. For moderate speeds up to about 50 km. 
per hour (say, 31 miles per hour) the electric locomotive with motors 
having a series characteristic gives a much better draw-bar pull than 
the steam locomotive constructed within the same load gauge. In 
spite of the work done in Italy and elsewhere with three-phase loco- 
motives, it seems likely that better results can be obtained with con- 
tinuous-current or single-phase locomotives when, as in the case of the 
 single-phase locomotives described in Mr. Jullian’s paper on the 
Midi electrification, regenerative braking is adopted, provided that 
this feature does not spoil the motor for its other functions. This 
class of clectrification is of especial interest to English engineers, 
because outside suburban systems I see no immediate prospect of any 
railway electrification other than for mineral trains in hilly districts. 
Cheap coal just makes all the difference, since the coal bill is generally 
between 45 and 55 per cent of the total locomotive working costs in 
English practice, For electric traction on steep gradients much still 
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remains to be done in solving purely engineering problems, but the 
question is rapidly approaching the condition of suburban electrifica- 
tion ; that is to say, it is becoming a financial rather than an engineering 
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question. Returning to the second case, Mr. Parodi shows that for 

dealing with main-line traffic on lines with reasonable gradients the 

enginecring problems are so little solved that the question of finance 

hardly comes in. Curves of tractive effort plotted against speed are given 

in the paper for steam and electric locomotives used for high-speed 
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passenger service. I have added in Fig. A the actual curve from the 
dynamometer-car record of a run with a 4-6-0 type steam locomotive, 
which takes the Cornish express a distance of 2264 miles (365 km.) 
without a stop between London and Plymouth at an average speed of 
54 miles per hour (87 km. per hour]. The record was taken with a 
moderate train weight of 405 tons, of which the locomotive accounts 
for 28 per cent, and it must be clearly understood that this does not 
by any means represent the full capacity of the locomotive. I prefer, 
however, to give actual available experimental figures rather than 
calculated figures. At a speed of 7o miles per hour (112 km. per 
hour) the horse-power at the draw-bar was nearly 800. No electric 
locomotive yet built, or at least of which published curves have 
come to my notice, can exert this pull at 100 km. per hour. The 
curves and other figures given by Mr. Parodi clearly show this. 
Mr. Parodi suggests that to use a motor with a series characteristic 
for fast passenger traffic is wrong, and that a shunt character- 
istic is needed, but he says nothing of the very serious problems 
which this introduces to the designer, especially with continuous- 
current motors at 2,400 volts or 3,500 volts, which latter pressure is just 
about to be used in England. He also lays stress on the importance 
to railway clectrification of the different strengths of draw-gear in 
America and in Europe. In Great Britain I believe the strength 
of the draw-gear is the limiting factor both for high-speed and low- 
speed main-line traffic, as also for traffic on steep gradients. In 
England we are generally limited for slow goods traffic to a draw-bar 
pull of some 12 tons, corresponding to a weight hauled of from соо to 
750 tons on the level, and for the following reason : Running over British 
railways are some 500,000 privately owned goods-wagons, representing 
a capital expenditure of at least £60,000,000. On very many of these 
wagons, mostly built to a railway specification it is true, the draw-gear 
will not take a pull of as much as 12 tons. Limited in this way to 
certain maximum train weights by the burden of privately owned 
wagons, the steam locomotive, even within the restricted British load 
gauge, is quite sufficiently powerful for hauling goods trains on 
moderate gradients, while the steam locomotive is the only possible 
locomotive at present designed for high-speed goods and passenger 
traffic. I therefore. entirely agree with Mr. Parodi that almost all 
the engineering problems for main-line electrification have yet to be 
solved, and this part applies still more to British railways than to 
continental railways. 

Мг. К. HAMMOND: I agree with Mr. Jullian that this question 
has become more a financial than a technical one, and I am therefore 
sorry that Mr. Jullian did not give more information on the economic 
side, particularly as regards the initial cost of construction and the cost 
of operation as compared with steam working. 

Mr. А. BocHET: The point that I wisi to raise is only indirectly 
connected with electric traction proper, in which both continuous 
current and single-phase and three-phase alternating currents allow the 
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use of fixed sources of energy. It was suggested to me by Mr. 
Damoiseau's paper on petrol.clectric cars. Те use of self-contained 
cars is essential when the density of the traffic is so low as not to justify 
the cost of electric transmission along the line, and it is particularly use- 
ful, as Mr. Mazen pointed out, in the case of trains which have to be split 
up in the course of their journey to provide branch-line services. The 
self-contained feature of the train can be obtained in various ways. I 
do not insist on the use of the steam locomotive, which is giving such 
excellent results at the present time. The flexibility of the steam 
engine enables it to accommodate itself very well to the fluctuations 
arising from the fact that the engine is direct coupled to the wheels ; 
variable control is consequently not required in the case of steam. 
Thus when in 1891 Mr. J. J. Heilmann suggested that a train of electric 
cars should be built up and supplied with current from a steam-driven 
dynamo placed on a car forming part of the train, the feature of this 
solution appeared to lie more in the ease with which it enabled electric 
traction to be tried experimentally than in the advantages in working 
claimed by the inventor. But this is no longer the case to-day, when 
instead of a steam engine an explosion or internal-combustion engine 
is used. The direct drive of the wheels is no longer advisable, and 
the revolutions of the engine and the speed of the train have to be 
varied over a wide range. In the case of motor vehicles the use of 
change-speed gear has been general up to the present ; and in spite of 
all the criticism that has been levelled at this gear, it is giving 
excellent results owing to the perfection which has now been obtained 
in its manufacture. But its use should no longer be entertained in the 
case of powerful engines running on rails. А flexible, powerful, and 
reliable intermediary with a high efficiency is required. А similar 
problem has arisen elsewhere in various forms, and is of such import- 
ance as to warrant very serious attempts at its solution. "The satis- 
factory results obtained with steam turbines for marine propulsion are 
leading to the use of gear for lowering the speed and capable of trans- 
mitting something like 5,000 or 10,000 kw. Very remarkable mechanical 
and hydraulic gear have been evolved for this purpose. The working of 
turrets on battleships necessitates the most perfect control of the 
whole apparatus, which weighs as much as 800 tons, and the speed of 
which has to be varied at any instant in the ratio of 1 to зоо. For 
lifting apparatus, such as is used for various purposes, similar restric- 
tions occur. Electricity has already furnished wonderful solutions, 
particularly in the case of lifting apparatus, the sighting of artillery 
and searchlights, the control of governors, etc., and its resources have 
certainly not yet been exhausted. At the same time very ingenious 
solutions have been provided by means of purely mechanical apparatus, 
and even by hydraulic apparatus and compressed gas. In every case 
electricity offers many advantages, and electrical engineers should not 
neglect these applications, notwithstanding their natural bias against 
not making the best use of their material, as happens in the varying 
conditions which I have mentioned. 
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Mr. L. GRATZMULLER : In my paper on high-tension continuous- 
current traction I endeavoured to bring out the main interesting features 
of that system ; but I do not wish that to be interpreted as an indication 
that I am opposed to single-phase traction, which, in my opinion, has not 
yet been fully developed. It isaltogether premature to state that it has 
been defeated. Moreover, the three main methods of electric traction, 
viz. continuous-current, single-phase, and three-phase, have many 
electrical and mechanical difficulties in common which have still to 
be solved. I propose to-day to discuss briefly single-phase traction. 
The principal objections which have been raised to it are: (1) The 
greater weight of the rolling stock; (2) the greater cost of repairs 
and maintenance than with continuous-current or three-phase systems, 
mainly owing to the larger contact surface on the commutator and 
defective commutation ; (3) the difficulty of obtaining regeneration ; 
and (4) the disturbance to telegraph and telephone circuits. I propose 
to discuss these various points, and then to say a few words in regard 
to control. | 

Weight.—The first motors were obviously bulky, for two reasons : 
the frequency was too high, and the repulsion type of motor which 
was often used necessitated such a frequency and proved defective. 
For equal conditions as regards commutation at starting, the contact 
surface on the commutator is proportional to the frequency; it is 
therefore very desirable to lower the latter. Given a low frequency, 
for the same current flowing tbrough the motor the torque is practi- 
cally independent of the speed. A much higher speed can be obtained 
and much more power developed with the same armature and the 
same carcase if the series type of machine is used instead of the 
repulsion type. An auxiliary commutating field as in the repulsion 
motor also provides commutation without sparking. Numerous patents 
have been taken out to obtain this result ; and I myself have taken out 
several. I believe that I am quite unbiased in regard to this question ; 
indeed, Mr. Latour has been good enough to mention of his own 
accord to the Fourth Section of the Société Internationale des Élec- 
triciens, with a praiseworthy straightforwardness, that I had discovered 
previous to all experiments that a rotary field was formed in the 
repulsion motor in the neighbourhood of synchronous speed. I had 
mentioned this to Mr. Latour because he had come to me to offer the 
Thomson-Houston Company his motor with four sets of brushes, two 
of which were short-circuited. The Latour motor possessed in the 
same way a rotary field. Some days later Mr. Latour showed me the 
theory of the repulsion motor which he hoped to publish in the Elek- 
trotechnische Zeitschrift. Being very busy with the Thomson-Houston 
Company's business, and not having the time to publish my views, I 
asked him to indicate at the beginning of the article that we had 
reached independently the same result, and he at once did so. Later 
I developed some Latour motors for traction (Malakoff tests) or fixed 
installations, and I at once endeavoured in various patents to raise the 
speed allowed by commutation in these motors. I gave some notes on 
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Mr. Gratz- — this subject to the Société Internationale des Électriciens in April, 1907, 
uller. | ; 
and also at the Marseilles Congress in 1908. Eventually I abandoned 
the fundamental principle of such systems for traction work, except 
eventually during starting, purely and simply in order to adopt a motor 
of the series type with a commutating field in which the speed could 
be as high as desired with reference to synchronism ; and I have 
designed several such motors, some being of боо h.p. 

The starting difficulty where only a stationary electromotive force 
is provided is to a very large extent removed by lowering the 
frequency, but it can be still further overcome by making use of 
resistance connections. Arcing between the brushes and the surfaces 
of contact, or at the brushes, only depends on the voltage between 
the surfaces short-circuited during commutation. The same arrange- 
ment of coils or resistances can easily be used. I shall show that 
the use of resistance connections between the winding and the com- 
mutator bars is a particularly good arrangement. The only argu- 
ments against them are the space taken up and their fragility, and I 

shall show that both of these arguments are 

met. The space taken up depends, first, 

on the width of the teeth at their base neces- 

sary to carry the flux, and, second, on the 

cross-section of the copper or the ampere- 

turns which have to be provided in the 

slots. As regards the former, without 

Fic. B. changing the specified conditions it is easy 

to provide for the resistances that we 

are considering. Thus, as has been shown by Mr. Lamme, it is 
merely necessary to deepen the slot whilst reducing its width at 
the bottom (see Fig. B). The extra space thus obtained is sufficient 
to provide room for the resistances, and the cross-section required 
to carry the flux at the base of the slot that has to accommodate 
the copper is not changed. The armature remains perfectly sym- 
metrical, and it is merely necessary to decrease slightly the internal 
diameter of the iron; this is quite easy. In the second place it is 
ridiculous to-day to talk of resistances burning out. The only weak 
point is the solder, and I am convinced that it is this which has 
influenced the majority of engineers, including at one time myself. 
To explain the small amount of energy lost in these resistances it 
must be noticed that it is the fall of pressure in the carbon brushes 
which alone allows commutation to take place at starting in motors 
without auxiliary resistance connections. The auxiliary resistance with- 
out increasing this pressure-drop allows us to transfer it toa place where 
it will not increase the amount of energy dissipated in sparking 
or under the brushes due to the increase in temperature of the 
cathode. The point is that the fall of pressure in the auxiliary resist- 
ance is great in comparison with that which takes place between the 
brushes and the commutator ; moreover, it increases proportionally 
with the current flowing through it, whilst that between the brushes 
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and the commutator, tending to remain constant, allows, if it is 
practically the only fall of pressure, the useless currents to rise con- 
siderably, thereby increasing the energy dissipated in the arcs, that is 
to say their destructive effect. On the other hand, in the absence of 
resistance connections the short-circuit currents in the sections under 
the brushes retard the increase of the useful flux for producing a torque. 
A motor with resistance connections can thus develop a much larger 
torque at starting than one without them. A small amount of sparking 
may perhaps be noticed under the brushes owing to the resistances 
only coming into operation when current is flowing, but the destructive 
cffect of such sparking is very limited. It is known that, other condi- 
tions being the same, commutation is more easily effected in small 
motors than in large ones, since the smaller cross-section of the 
conductors causes them to have a higher resistance. It is also possible 
that resistance connections may some day be utilized for high-pressure 
continuous-current machinery. The value of such connections is more 
particularly evident at starting. It is particularly necessary for traction 
motors to have a large starting torque, and as the torque is proportional 
to the product of the flux and the current supplied to the brushes, the 
use of only the series motor for continuous-current working is justified. 
When starting up, however, is it always logical to reduce the flux as the 
current flowmg in the armature increases, as is done in certain motors ? 
I am fully aware that if high peripheral speeds are permissible with 
the low frequency of 16%, it is possible relatively to make use of 
rather high pressures on the commutator. But it is very necessary 
to have a higher peripheral speed for the commutator and smaller 
segments and carbon brushes, that is to say, segments 4 mm. or 5 mm. 
wide and brushes 8 mm. or 9 mm. wide, when thus increasing the 
number of slots. Resistance connections are therefore quite defensible. 
By using such connections or commutating fields, and finally both of 
them, it cannot be denied that with the same current flowing through 
the motor and sufficient saturation at low frequencies, in order that the 
effective current may flow through the motor and the speed be the 
same, the torque, that is to say the useful power at the shaít, is in the 
case of continuous current r'15 times that in the same motor supplied 
with single-phase current at a frequency of 16%. Pressures in the 
neighbourhood of 500 volts can be used for large motors at frequencies 
of about 16%. It should also be clearly understood that the power 
available in the two cases is practically in the same ratio. Obviously 
the greater part of the losses takes place in the iron, but no longer 
should the heating limit the capacity of a machine, since it is always 
possible to increase the ventilation through the iron. 

Upkeep.—The pressure on the commutator and the surface 
of contact being somewhat similar in a single-phase motor to those 
used in the case of 500-volt continuous-current machines, the cost of 
upkeep and repairs do not differ materially in these two types of motor, 
notwithstanding the high peripheral speeds of the commutators. 

Regeneration.—There are several, more or less satisfactory, solutions 
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of this problem ; and in this connection it must be remembered that 
this question has only arisen during the last three or four years. 
Apparently single-phase machines do not regenerate quite so well as 


three-phase machines, because, apart from the efficiency of the motors 


when operating as generators, there are very appreciable additional 
losses due to the necessity of obtaining exciting currents with the 
desired phase. The methods available may be divided into three 
classes, according to whether the motors when operating as generators 
are series, shunt, or compound. 

(a) Series Generalor.—By merely reversing the connections of the 
field relative to the armature in a series compensated motor, a resisting 
torque is obtained and the machine operates well as a single-phase 
generator, but it has this serious disadvantage, that in addition to 
operating as a single-phase motor it behaves as a continuous-current 
generator practically short-circuited on the network—that is to say, not 
showing any continuous electromotive force other than a low ohmic 
fall of potential. It has naturally been suggested that between the 
field and the armature a transformer or a repulsion motor should be 
introduced. I have alsothought of placing in series with the regenera- 
tive motor an auxiliary series motor running in the desired direction, 
with amortisscurs fitted to its field magnets so as to allow only alter- 
nating flux to pass in such a way that the counter electromotive force 
for all values of the continuous current may be higher than that of 
the main motor. The machine thus cannot self-excite as a continuous- 
current dvnamo. The repulsion motor appears quite unable to self- 
excite on continuous current. This is why as far back as 19o3 I 
patented the method of control and regeneration by means of angular 
displacement of the brushes. Unfortunately that is of no use; for, 
whatever the arrangement, one of the windings of the transformer 
is connected to the network and the other is closed through one section 
of the motor, the resistance in both cases not being zero. If the laws 
of Kirchhoff are set out for the two circuits, primary and secondary, oí 
the auxiliary transformer or for the various individual circuits (amor- 
lisseurs or rotor of the repulsion motor, the resistance not being zero), 
two differential equations of the first order with constant coefficients are 
always obtained if we assume the mutual induction coefficients are con- 
stant. We also know that the solution depends on that of a differential 
equation of the second order. There is alwaysa low enough frequency 
at which self-excitation takes place. The same result is at once reached 
in determining the frequency for which the Kirchhoff cquations are 
satisfied, or in other words in determining the closing side of the polygon 
for the potential differences between the circuits under consideration. 
In order to prevent the motor from beginning to self-excite we have to 
insert reactive coils or resistances, which are cumbersome and waste 
energy or wattless power. The result is that the speed is unstable, but 
on the other hand it is possible to regenerate until the speed becomes 
zero and then to reverse the direction of running. 

(b) Shunt Machine.—A shunt motor with a commutator does not 
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necessarily run at synchronous speed, neglecting slip. It can even Mr. Gratz- 
be said that the Latour shunt motor is only a particular case of what eee 
for some years I have elsewhere provided the only commercial 
examples. Shunt motors indeed can be made to run either above 

or below synchronous speed by the following method, of which I 
patented the principle in 1905, then stating the theory. If we assume 

that a rotor with four sets of brushes is rotating in the field of a stator 
supplied in shunt at a single-phase potential difference, it will be seen 

that the difference of potential to be divided between the brushes 

can be obtained from the network by means of transformers or from 
windings arranged on the stator. Such a motor has a fixed speed, 
neglecting slip, that is to say, it brakes or regenerates when necessary ; 
besides, the speed cannot be lowered until the motor nearly pulls up. 

But this solution, which has been applied by the Allgemeine Elektricitáts 
Gesellschaft to their experimental locomotives for the Midi Railway, has 

the fundamental disadvantage of necessitating a motor with four sets of 


N°. 2, 
Fic. C. 


brushes ; and apart from the large contact surface, as in the repulsion 
motor, synchronous speed can only be exceeded with difficulty. 

(c) Separate Excitation.—We shall consider the case of the series 
compensated motor. The argument will be practically the same as 
that for repulsion motors or the various types of series motors witha 
commutating winding more or less intermingled with the compensating 
winding. Thus, considering motor No. 2 in Fig. C, the field a, is 
excited by a current of suitable phase, and the compensating winding 
b, is assumed to be short-circuited. It can be seen that owing to the 
speed of rotation the electromotive force of the rotor r, practically 
in phase with the field flux, can be directly opposed to that of the 
network, or else through a transformer in such a way that motor No. 2 
operates either as a motor or as a generator. The speed can then be 
maintained constant, neglecting slip, but it is necessary to provide the 
excitation. I have devised an alteration of the phase, thereby allowing 
the excitation to be obtained from the supply system. It is known 
that, if the stator winding is suitable, an induction motor arranged for 
single-phase working can provide a potential difference of any phase 
whatever by suitably arranging the tappings on its stator. Moreover, 
a'rotor with a commutator can with advantage replace the short-cir- 
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cuited rotor, allowing it not only to provide the wattless power of the 
phase changer, but also that of the exciting rotors; I have patented 
this arrangement. Such an arrangement will certainly operate well, 
and it easily contains its own starting apparatus. The Ateliers du 
Nord et de l'Est have taken this point of view in their locomotive 
for the Midi Railway ; nevertheless I have allowed the patent to lapse 
since this phase changer introduces the fundamental disadvantage of 
the Latour motor with four sets of brushes, or in a more general 
manner that of the repulsion motor. It is essentially suitable for 
synchronous speed and consequently for low peripheral velocity, with 
the result that it is heavy and cumbersome ; this appears to be the 
most serious criticism that can be levelled at single-phase apparatus. 
Recourse can be had to a simple series motor. Let us suppose that the 
pressure of the network is in phase with sinw /; the field flux of the 
motor is then in phase with sin w/, thus requiring the pressure at 
the terminals of the field circuit to be practically in phase with cos w £. 
Let us take a series motor, No. 1 in Fig. C, driven in some manner 
and let us excite this motor with the supply pressure in phase with 
sin w f. It will be the seat of a flux practically in phase with cos w f, and 
the pressure at the brushes will be in phase with cos w /, that is, exactly 
suitable for exciting motor No. 2. A practical consideration of the 
greatest importance comes in at this point. The power returned to 
the electrical network in order to brakea railway train on a gradient 
is rarely more than so per cent of the power required to ascend the 
same gradient. On exceptional gradients of 35 mm. per metre where 
two motors are installed, one of the motors may be slightly overloaded 
for a short time, and will be quite sufficient for the load. The other 
motor can then operate as the exciter. In the case of several motors, 
there are plenty of methods. This arrangement works perfectly 
without an auxiliary transformer, and on that point I differ with 
Mr. Latour, which is not often the case. 

I may here give the following reasoning : Referring to Fig. C, the 
exciting circuit of machine No. 1 is solely the field of motor No.1, and 
the exciting circuit of machine No. 2 comprises the armature of the 
first motor, with eventually its compensating winding, then the field 
winding of motor No. 2. It follows, owing to the introduction of brushes 
and the rotor, that the time constant of this second circuit is smaller 
than that of the field a, of motor No. r. Then, reckoning as positive 
angles in the direction indicated by the arrow in Fig. D, if O A represents 
the pressure of the system, or rather that which is given by the secondary 
of the transformer supplied from the system, the mean dynamic electro- 
motive force О B produced in the rotor r, of the second motor will lag 
slightly behind O A by a small angle e. Then R being the resistance of 
the rotor r,, L the self-induction resulting from the imperfect compen- 
sation, and w the angular frequency of the supply current, the vector 
BA will be the vectorial sum of the vector BC, = RI, I being the 
effective current flowing in the rotor, and the vector СА, =w LI, the 
reactive pressure due to the leakage, and is displaced 9o? from B C. 
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The values R and L being given—at least we can determine them in 
practice from the motors—the diagram shows that regeneration is 
possible and that the vector BC in phase with the current is practically 
the continuation of the vector OB, as in series working, which gives 
the maximum value for the torque. Noticing that the vectors B C and 
C A are very small compared with O À and O B, it.can be seen that it is 
very easy in the case where these conditions do not hold to modify 
slightly К or L. The triangle B СА remaining always similar, when 
the length of the vector O A varies, the point C moves along a straight 
line. Similarly, if the point A is fixed whilst the length O B varies, C 
describes another straight line. The diagram thus easily allows us to 
follow the change from a motor to a generator. I have made regene- 
rative tests on motors of 65, 125, and боо h.p., and I have in the same 
way been able to regenerate in the case of a 360-ton train on gradients 
up to 20 mm. per metre. The speed can easily be controlled by 
varying the pressure O A supplied to field No. r, or O B the pressure 
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opposed to r, and the change-over from motoring to generating takes 
place without shock. The estimated number of contactors can be 
slightly higher than that necessary for normal running as a motor, and 
the control can be easily carried out by means of an induction 
regulator. The following disadvantage applies to the control of all 
shunt motors: The permissible slip being low for each running 
positioh, these positions should be brought nearer together, otherwise 
the motors will take large amounts of current in passing quickly to 
such positions, a disadvantage experienced by all those who design 
rheostats for continuous-current shunt motors or induction motors, and 
also for the parallel running of such machines. It will be equally 
necessary to provide an automatic switch operated by a relay only 
capable of closing the circuit of the armature of the generator on the 
system if the potential difference at the terminals of the closing switch 
is below a certain value. Regeneration can thus be practically 
obtained without any auxiliary apparatus. 

Conírol.—Wee have seen the importance in regeneration of being 
able to obtain a large number of pressures sufficiently close together. 
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Electro-pneumatic or simple electrical contactors have given very 
satisfactory results. Ап induction regulator can be utilized as the inter- 
mediary, as is done by Messrs. Sicmens in passing from one tapping 
of a transformer to the next. By placing it between the two points 
to be connected, it allows the potential difference to be practically 
annulled before the switch is closed. It is then possible, without 
setting up a dangerous arc, to open the connection to be suppressed, 
and bringing back again the induction regulator produce zero potential 
difference, short-circuit the connection, and remove it. But as has been 
suggested by Mr. Latour, it is impossible to depend on the induction 
regulator to do all the control necessary. Commutation not only takes 
place at the commutators, but all the surfaces where contacts have to 
be made or broken have to be considered as important factors to be 
added to the total surface of contact on the commutators. 

The following appears to be a suitable arrangement for practically 
eliminating all contacts other than that at the surface of the main com- 
mutators: The pressure available at the terminals of the main motors 
having only to be varied in the ratio of 1 to 3, the secondary of the main 
transformer need only supply 2 V, V then being added or subtracted. 
Let us take the case of a contact wire at 12,000 volts ; the primary of an 
induction regulator can then be arranged to be supplied with a pressure 
of 4,000 volts above earth from the primary of the main transformer. 
This pressure is sufficiently low to allow of a large number of slots being 
arranged facing the air space of the stator, and of diminishing the 
serious variations of the reluctance in the induction regulators. The 
transformer then operates as an auto-transformer on the primary side 
with a ratio of 1 :3, which is an appreciable advantage. The secondary 
of the main transformer being connected in series with the secondary 
of the induction regulator, a variable pressure can then at once be 
obtained in a continuous manner with an induction regulator having 
a capacity of one-third the total power. The connections and the 
contactors would thus be done away with. It is true that multiple 
control of several locomotives would prove less easy. The control 
of the speed by shifting the brushes of the repulsion motor appears 
to me absolutely inadmissible, apart from the disadvantage of the 
repulsion motor that it only runs at a low speed unless a much smaller 
number of poles is provided. The main disadvantage is not only the 
necessity of considerably increasing the flux per pole but also the 
weight and the pressure per segment; in fact, by having recourse 
to the following arrangement, patented for special reasons in the name 
of my friend, Mr. Mainfroy, in 1903,* it is possible to reduce the pressure 
per segment in the case of a drum winding to that of a single bar 
(or even less if necessary). Itis sufficient for this purpose to provide an 
ordinary coil with one turn or two conductors per section (Fig. E), and 
then to double the number of segments of the commutator, by connect- 
ing the odd segments to the end of each conductor adjacent to the 
commutator and the even segments to the far end of each conductor. 

* French Patent No. 339,065, and Supplementary Patent No. 4,275. 
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I applied this arrangement for the Thomson-Houston Company to a 
large three-phase commutator motor, and the Westinghouse Company 
have adopted it for turbo-generators. The chief disadvantage is the 
same for all repulsion-motor systems, including the Dery system ; 
namely, that for a given position of the brushes when the arrangement 
of the ampere-conductors at the periphery of the rotor is determined, 
that suitable for the stator is also. That of the stator being fixed in 
space, it is then only suitable for one position of the brushes. To shift 
the brushes thus appears to give rise to very large leakage; that is to 
say, it increases the number of useless kilovolt-amperes absorbed. 
Mr. Latour has also mentioned the device for transforming on the 
locomotive from single-phase to three-phase current. Since 1904 I 
have taken out a number of patents of this kind on behalf of the 
Thomson-Houston Company, using a squirrel- 
cage transformer, which is a particularly in- 
teresting arrangement owing to the very high 
peripheral speed that can be allowed, and I 
have endeavoured as an alternative to intro- 
duce a commutator so as to obtain a simple 
system of control, regeneration, etc. The 
simplest arrangement of this kind still appears 
to me to be to use two-phase serics commu- 
tator motors which can operate as shunt 
machines when regenerating. The speed of 
the machines when running as motors can 
then easily be regulated by shifting the brushes. 
When the brushes have to be shifted, poly- 
phase motors have not the fundamental disad- 
vantage of the repulsion motor, and still less 
so as the number of phases increases. The 
disadvantage of the single-phase machine, however, is its weight, and 
I fear that any auxiliary transformation will only increase it. 
Conclusion.—The weight of single-phase locomotives or motor 
vehicles is satisfactory if heavy traffic is not in question, and the 
surfaces of contact are of the order of those that are used in low-tension 
continuous-current working. It is possible, without breaking the 
circuits, to regenerate and vary the speed by means of an induction 
regulator in the same way as regeneration is obtained with a booster 
in continuous-current working, but without any increase in the weight 
and contact surface. The same result as in the case of continuous 
current can be obtained by means of contactors. Disregarding the 
future, and merely referring to two recent installations that have been 
carried out by two well-known engineers, it may be mentioned that 
the single-phase locomotives at Lotschberg weigh 40 kg. per horse- 
power and develop 2,700 h.p. at the one-hour rating when running 
at a speed of 45 km. per hour. Again, the three-phase locomotives 
at Giovi, mentioned as being among the lightest made, weigh 30 kg. 
per horse-power and develop 2,000 h.p. on the one-hour rating at 
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45 km. per hour. Fortunately the above can to some extent be com- 
pared under nearly identical mechanical conditions, but the electrical 
conditions are not comparable, the one system operating at 3,000 volts 
with two overhead contacts and only two speeds, and the other with 
a single contact, a pressure of 12,000 volts, and a complete range of 
speeds. The transformers on the locomotive are therefore justifiable. 
Finally, we must not be in a hurry to condemn single-phase traction. 

Mr. Н. PaRoDi: Certain speakers who have referred to single-phase 
traction have considered the publication of working results in my paper 
as inopportune. My opponents maintain that the use of a frequency 
of 15 periods and of motors constructed in accordance with their ideas, 
and more “perfected” than those used in America, will make it pos- 
sible to obtain satisfactory economic results. I wish I were as hopeful 
as they are, and I should be the first to welcome their success. It 
seems to me, however, that this economic success, which experience 
will perhaps substantiate, can only be estimated, for I know of no 
actual success. The best argument against the figures given in my 
paper would have been to put forward working results of some of the 
numerous single-phase installations at present in operation in Europe, 
and fo show that such results were better than those that would have 
been obtained with three-phase traction or with continuous-current 
traction at low or high pressures. Unfortunately the results so far 
obtained in Europe with single-phase traction are on a par with those 
obtained in America, and I must be content with mentioning as an 
example that the experimental single-phase line at 15 periods from 
Seebach to Wettingen, which would have been bought by the Swiss 
Federal Railways if satisfactory working results had been obtained, has 
been pulled down and is nowactually being worked by steam traction. 
I wish to repeat emphatically that to be for or against single-phase 
traction is an expression which appears to me meaningless. We all 
desire, and I more than anybody, that the improvements in this system 
of traction, which is still in its infancy, should be of such a nature as to 
allow further applications of electric traction to railways, and we all 
must congratulate the manufacturers and those carrying out experi- 
ments who are devotiug their time and their money to the perfecting 
of this method of traction. This work is all the more praiseworthy 
since the single-phase system does not appear capable of giving any 
immediate satisfactory financial results. 

Mr. L. GRATZMULLER : I should like to draw Mr. Parodi's attention 
to the fact that the locomotives which have been in operation since 
1907 were designed in 1904, and that they therefore do not contain 
all the improvements which are to be found, for example, in the 
Midi locomotives. Moreover, they operate at 25 periods, and it is 
well known that there is considerable advantage in decreasing the 
frequency to 16% periods as in the case of the Midi locomotives. 
Finally, it must not be forgotten that at the introduction of single- 
phase motors we were much less particular than now, and that 
sparking at the commutator was quite permissible. For the above 
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reasons it seems to me that conclusions in regard to the latest 
machines should not be based on the first single-phase locomotives 
constructed. 

Mr. С. GiROUsSE : I have been asked to say something about the 
protection of telegraph lines against the troubles arising from the use 
of alternating-current traction, and Mr. Latour also mentioned that I 
have obtained satisfactory results with an arrangement depending on 
resonance. For some years past I have studied this question in my 
capacity as Engineer of the Telegraphs. The troubles due to single- 
phase traction affect in a different manner messages along a single wire 
(telegraph lines and signal lines) and messages along two wires (tele- 
phone lines). Whilst trains are running, currents absolutely preventing 
the operation of the apparatus flow in the telegraph lines. I have 
measured under normal conditions disturbing currents of 35 to 40 milli- 
amperes (R.M.S.) when the ordinary telegraph currents are only about 
20 milliamperes. Whenever a traction line is under pressure, and even 
when no traffic is passing, the telephone circuits are the seat of annoy- 
ing pressures which are sometimes dangerous to the staff. By using 
an electrometer I measured a pressure of 80 volts in the case of the 
Alpes-Maritimes line (a tramway at 6,600 volts, 25 periods) ; 100 volts 
in the case of the Haute-Vienne line (a tramway at 10,000 volts, 
25 periods); and even as much as 180 volts in the case of the 
Pyrenees-Orientales line (a 12,000 volt railway, 16$ periods) These 
pressures occur when the circuit is well insulated and when conversa- 
tion is taking place under good conditions as regards distinctness. 
When the insulation resistance of the circuits is defective, owing, for 
example, to rain, the dangerous pressures disappear, but, on the other 
hand, conversation is rendered impossible by the crackling noise that 
takes place. This crackling is caused more particularly by the har- 
monics. It should be noticed that the effect of these harmonics, 
although disastrous from the telephonic point of view, is negligible in 
telegraph working, since the currents induced by the harmonics in 
the traction current are not sufficient to operate the telegraph appa- 
ratus. The troubles could undoubtedly be reduced by removing the 
telegraph and telephone lines farther from the track, but the Telegraph 
Administration naturally desire to keep their lines on the present routes 
and alongside the rails owing to the facilities for construction and 
upkeep. In order to protect the telegraphs the earth return might be 
done away with; it would then be necessary to duplicate all the 
telegraph lines, or at least to provide common returns for a number of 
circuits. This method, however, introduces serious disadvantages, 
namely, overloading of the poles, additional disturbance, compli- 
cation in working, the production of pressures dangerous to the 
telegraph operators, and, abové all, increased cost. It is thus very 
desirable to modify the apparatus so as to screen it from the action of 
the alternating current. It is in this direction that I have pursued my 
investigations, and I have obtained good results by employing a 
receiver with two equal windings connected so that their magnetic 
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actions counteract one another when they are connected in parallel and 
carry equal currents. One of these windings is in series with a circuit 
that is in resonance for the fundamental frequency of the disturbing 
current. The other has a resistance equal to that of the induction coil. 
The disturbing alternating current thus divides into two equal parts 
and has no external effect, the working current only flowing through 
the winding in series with the resistance. This arrangement has been 
successfully tried on the Alpes-Maritimes, Haute-Vienne, and Pyrenees- 
Orientales lines. As the result of these tests it was adopted by the 
companies concerned. Up to the present time it has been found that 
the lines where trouble has been experienced all work on the Morse 
system or with a sounder, but in the near future it is probable that the 
telegraph lines operated with high-speed apparatus will also be dis- 
turbed in their turn. The problem of protection will for this reason be 
more difficult of solution, but the tests which I have recently carried 
out allow me to hope that it will be possible to get over these troubles. 
I have been able to work very regularly a double Baudot instrument 
disturbed by an E.M.F. of 50 volts by using only а 50-volt battery. As 
regards telephones, these can be protected by transposing the wires of 
the circuit one quarter of a turn per pole, by taking care that the insu- 
lation is good, and by earthing them through discharge coils. These 
coils, which are the Cailho coils of the French Administration, are 
induction coils with two similar circuits, the common point being 
connected to earth and the two ends to the conductors. The disturb- 
ing currents flowing through the two windings in parallel encounter 
zero self-induction and flow without difficulty to earth; but the 
telephone currents having to flow through these two windings in 
series are stopped by the large self-induction of these coils, so that the 
shunt has no appreciable effect from the telephonic point of view. 
The tests which I next carried out in collaboration with my colleagues, 
Messrs. Augiers of Montpellier, Cornet of Limoges, and Hugron of 
Marseilles, show that the dangerous pressure can be completely sup- 
pressed in this way, whilst at the same time the telephone itself 
appears to benefit considerably. It is always necessary, however, to 
await more lengthy experience before making a definite pronouncement. 
I now propose to indicate an arrangement which I think it desirable to 
adopt when erecting telegraph and telephone lines. It consists in 
placing the telegraph lines on the supports on the side nearer the 
traction line and in running the telephone wires at the top on the 
farther side. The telegraph conductors being maintained at a low 
potential, since they are earthed at the two ends, prevent the pressure 
rising to a dangerous value on the telephone lines, which they thus 
protect. At the same time steps should be taken in regard to traction 
lines in order to minimize such troubles. First of all, as Mr. Latour 
pointed out, it is necessary to deal with the harmonics by using the 
dampers which Mr. Leblanc mentioned yesterday, or by shunting the 
alternators by circuits in resonance for the frequency of the harmonics. 
In the second place, the use of a low frequency for traction supply is 
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of considerable value since the disturbing currents induced are propor- 
tional to the frequency. From this point of view, as well as from the 
traction point of view, a frequency of 16% is better than a frequency of 
25. Lastly, there would be considerably less trouble if in place of an 
overhead wire a lateral rail were employed, divided into short sections ; 
but in that case we meet with a new set of difficulties. Underground 
conductors, even those which are used for telegraph working over a 
single wire, appear to be altogether free from these disturbances. On 
the other hand, underground networks sustain very serious damage 
from continuous-current traction, that due to electrolysis being of con- 
siderable importance. For instance, in the Paris district alone the 
claims now under consideration amount to 60,000 or 80,000 francs. It 
is only fair, however, to add that it is tramways in every case which 
are responsible for this damage. Railways on independent track only 
give rise to a small amount of electrolysis, and up to the present time 
none has been experienced in the neighbourhood of the Invalides- 
Versailles line ; but the Quai d'Orsay-Orleans line has given rise to a 
little. 

Mr. L. F. EsBRAN : Theapplication of electric traction toa railway or 
a tramway really comprises two distinct problems; first, the transmission 
of the electrical energy from the place where it is generated to the 
point— variable in position— where this energy is received and utilized. 
by the electric locomotive or motor-car (by the place of generation I 
mean where the mechanical energy is transformed into electrical 
energy). The second problem is the collection of the electrical energy 
on the moving locomotives or cars and its transformation into 
mechanical energy at the wheels. The actual work to be performed 
being the propulsion of a train on a line of given profile, the weight of 
the train affects the efficiency of the system. It is thus obviously 
necessary to take some account of this when considering the design of 
an electric locomotive or car, and not to confine one's attention to a 
comparison of the rolling stock when considering a traction installa- 
tion. The whole of the system must be considered in any comparison, 
and it is from this point of view that Mr. Parodi's paper calls for some 
comment in connection with the general statistics of the principal 
installations in the United States. These installations are divided into 
three classes: suburban lines, main lines, and mountain lines. This 
classification does not include the secondary lines of large railway 
systems, or at least Mr. Parodi appears to include them with suburban 
lines. That is surely a mistake, since these secondary lines have 
characteristics quite different from suburban lines. "Their electrifica- 
tion ought to be independently investigated, for when electric traction 
is used on a main line railway it is undesirable to adopt another system 
of traction for branch lines. For example, the Midi Railway Company 
intend to adopt electric traction not only on the Pau-Montrejeau line 
(and later from Toulouse to Bayonne), but to the same extent on the 
existing branch lines from Luchon, Arreau, Bagnéres-de-Bigorre, 
Pierrefite, and Buzy, and upon certain new branch lines the construc- 


Mr. 
Girousse. 


Mr. Esbran. 


Mr. Esbran. 


623 PARIS MEETING: [21st & 23rd May, 


tion of which was not even considered without electrification. The 
conditions in the case of these branch lines are different from those of 
the main line services, and it is therefore necessary that the system of 
electric traction adopted should be sufficiently flexible to give economical 
working not only on the main lines, but equally for the various branch 
lines. After these general remarks I now propose to take the various 
figures given by Mr. Parodi in his paper and to discuss and explain the 
various conclusions following upon particular conditions which have 
probably escaped his notice. 

Suburban Lines.—In America the two systems usually employed for 
suburban services are: (1) continuous current, and (2) single-phase ; 
and it is interesting to compare these two systems from the points 
of view of first cost and working expenses. Mr. Parodi gives two 
examples of initial cost ; the first, the line from Camden to Atlantic City, 
and the second, the Boston line of the New York, New Haven, 
and Hartford Railway. These two lines present important difficulties. 
The first-mentioned line is a true suburban line, whilst the latter 
is both a suburban line and a main line at the same time, that is to 
say, a line where heavy express trains are run. These differences 
appear much more clearly if we examine the cost per kilometre of 
the various parts of the installation :— 


Camden- New York, 
Atlantic New Haven, 
City. and Hartford. 
Length in kilometres — ... iux 245 743 
. ? francs. francs. 
Central station... $5 ie 26,300 41,700 
Sub-stations — nee 5s 10,200 — 
Working conductor oes sins 15,700 26,650 
Rolling stock gs S dés 30,000 100,200 
Workshops iis iis - 1,000 12,900 
Total cost ... "T vis 83,200 181,450 


The proposed installation for the New York, New Haven, and 
Hartford Railway includes a more powerful central station (about 
40 kw. per kilometre of line) than that of the Camden-Atlantic-City 
line (about 20 kw. per kilometre). In the latter installation the cost 
of the third rail (per kilometre) is remarkably cheap, whilst on the 
other hand the overhead conductors of the Boston line are very 
expensive. It should also be noted that these overhead conductors 
have to convey a very much larger amount of energy than the third 
rail of the Camden-Atlantic-City line. Again, the figures for the rolling 
stock, reckoned per kilometre of line, are similarly more important for 
the Boston line ; thus on the continuous-current lines a 480-h.p. motor- 
car is provided for each 2 kilometres of line, whilst in the case of the 
single-phase system there is one 700-h.p. motor-car or 1,850-h.p. loco- 
motive for each 1°8 kilometres of line. It may be said, therefore, that 
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the first cost of the Camden-Atlantic-City single-phase installation 
would have been practically of the same order as a continuous-current 
installation. In regard to working expenses, Mr. Parodi gives several 
examples and draws the following conclusions : (т) Maintenance and 
repairs are much higher for single-phase working than for continuous 
current. This difference is about 10 centimes per car-kilometre for 
tramways, but on railways it appears to be much more important. 
Three comparative examples are mentioned for tramways, but only 
one example, the New York, New Haven, and Hartford Railway, is 
given for railways. (2) The weight of the single-phase locomotive 
is very much higher than the weight of the continuous-current loco- 
motive, whilst it seems impossible to provide sufficient power on a 
single-phase motor-car for a satisfactory suburban service. (3) Mr. Parodi 
shows that the efficiency and the loss of energy in the transmission 
lines, transformers, sub-stations and locomotives, are quite com- 
parable for the two systems. They would indeed be slightly less 
for continuous current than for single-phase current if reckoned, as 
logically they should be, on the drawbar pull of the locomotives. This 
conclusion is given for the main line railway services, but it applies 
implicitly to suburban services. In connection with the cost of upkeep 
and repairs, it is indeed very probable that these expenses are really 
very much higher for the single-phase system than for the continuous- 
current system. The single-phase system is still quite new, whilst the 
continuous-current system has the advantage of a very large number 
of years of actual running; and in this connection it must not be 
forgotten that continuous-current traction has made enormous pro- 
gress during recent years, mainly from the point of view of the cost of 
upkeep and repairs, and perhaps owing to the competition of the 
single-phase system. The latter has not so far been tried on tramway 
lines, where the continuous-current system has already given extremely 
satisfactory results, and it has mainly been adopted for tramways and 
long distance railways with a restricted traffic, so that to compare in 
this way the cost of upkeep and repairs of lines having similar condi- 
tions of traffic and running is to disregard completely the object 
for which the single-phase system has been introduced. It would 
have been necessary in a complete comparison to have taken account 
of the consumption of electrical energy in the central station, that is to 
say, as I mentioned above, to take into account the overall efficiency of 
the entire system from the generating plant in the central station to the 
traction wheels. This method of considering the problem is indirectly 
justified by the running expenses of the continuous-current line from 
. Camden to Atlantic City. The efficiency of the transformation, that 
is to say, the rates of the total energy in kilowatts sent out by the sub- 
stations, to the total amount of energy generated at the central station, 
varies from 0'722 to 0:816 reckoned on the car-kilometres per annum. 
This line already has a dense traffic and a very frequent service ; and 
it is certain that there are many lines for which the efficiency of 
thc sub-stations would be so low that the continuous-current system 
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Mr. Esbran. would be impracticable. For example, іп New York State the Rochester 
line of the Erie Railway Company having a length of 547 km. only 
makes use of 6 passenger motor-cars, each weighing 48 tons and 
equipped with four roo-h.p. motors. The gear ratio is 20 : 68, and the 
wheels are 914 mm. diameter. The schedule speed is 41 km. per hour 
with stops every 1,500 metres, and the maximum speed is 72:5 km. per 
hour. А similar installation would certainly have given very poor 
results for continuous-current working owing to the low traffic density. 
The comparison between the working expenses of railways was con- 
fined to the New York, New Haven, and Hartford Railway and the 
New York Central line; some figures were also given for the new 
installations of the Pennsylvania Railway. The comparison, however, 
neglects certain items, which it may be interesting to mention, namely : 
(1) The single-phase locomotives which were in service from 1907 to 
1911 on the New York, New Haven, and Hartford lines were of unsatis- 
factory mechanical design, and their mechanical equipment had to be 
changed, with the result that a very considerable addition was made to 
their weight. (2) These locomotives have to work both the main 
line passenger service and the suburban service, as mentioned by 
Mr. Parodi. On the other hand, the New York Central locomotives are 
used solely for the main line service, their cost of upkeep being conse- 
quently less than in the case of the single-phase locomotives. (3) The 
New Haven locomotives are fitted with both continuous-current and 
alternating-current control, and it is this which largely accounts for 
their exceedingly high cost of running. It is indeed curious that since 
the upkeep of single-phase motor-cars in comparison with continuous- 
current motor-cars is in the ratio of 2 to 1, there is such a considerable 
difference between the electric locomotives of the two systems. "The 
problem of electric traction is easier of solution in the case of a 
locomotive than for a motor-car, and the figures put forward for the old 
locomotives of the New Haven line should only be accepted with 
caution. It would have been interesting to know the results with the 
new 1,350-h.p. New Haven locomotives which have been constructed 
in the light of the experience obtained with the first locomotives. And 
so far as is known from the small amount of information available, the 
working costs are very interesting. The second point mentioned in 
the comparison of the two systems is the weight of the rolling stock, 
and there again the fact that the author only considered the old New 
Haven locomotives and the few motor-cars constructed for this railway 
has given rise to conclusions which do not appear correct. It is neces- 
sary first to state precisely that the mechanical equipment of electric 
locomotives is much heavier in America, as the question of reducing 
the weight does not concern them so much as Continental designers. 
The recent New Haven locomotives weigh 105 tons on the road. In 
this weight of тоз tons is included about 8 tons for the heating 
apparatus, water tanks, and the continuous-current control. The 
weight of the locomotives running solely on a continuous-current 
system would thus be 97 tons. This weight of 97 tons is for a 
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locomotive giving 1,350 h.p. on the one-hour rating and 1,100 h.p. in 
continuous running. In order to give normally the same power as 
continuous current, about 1,800 h.p. on the one-hour rating should be 
allowed for. The single-phase motors really have a very much higher 
continuous rating than in the case of continuous-current motors of the 
same capacity at the one-hour rating. The objection raised by Mr. 
Parodi to the motor-cars intended for suburban service is based solely 
on the New York, New Haven, and Hartford Company's experience. 
For equal power single-phase motor-cars are undoubtedly heavier than 
continuous-current motor-cars ; but to argue from that that this extra 
weight prevents the construction of motor-cars powerful enough to 
ensure a Satisfactory suburban service is hardly admissible. The New 
York, Westchester, and Boston Railway Company's motor-cars run on 
a line near New York and are supplied by alternating current at 
10,000 volts, 25 periods. The following are some particulars of these 
cars :— 


No. of motor-cars in service sts sie ae 720 
Length of the car ... yas iss is .  2Im. 
No. of seats ... ues ss ids s ss 98 
Total weight of the car  ... : ... 55 tons 
Total weight of the electrical equipment mer “EDS 55 
Number of motors .. $us is Ges js 2 

H.p. of motor at nehou rating ju e. 340 
H.p. of motor at continuous rating iis ... 290 


By assuming that the motor-cars run singly we get 5 or 6 h.p. per 
ton of train and 700 kg. per seat. А similar motor-car equipped with four 
170-h.p. motors would not weigh more than 70 tons, and would be more 
powerful on the one-hour rating than the New York, New Haven, and 
Hartford motor-cars. What complicates so much the latter carsis the 
double control. The r,ooo-h.p. motor-cars required by the Bernese Alps 
Railway Company for the Lótschberg line would have been exceedingly 
difficult if not impossible to construct for 600-volts continuous current. 
Much more so would it have been impossible for single-phase machines 
of 15 frequency, owing to the heavy weight which would have been 
necessary in this case. The motor-cars for the Midi Railway weigh in 
running order 55 tons, and the total capacity of the motors is 540 h.p., 
the weight of the electrical equipment being about 16 tons. The 
weight of a r,ooo-h.p. motor-car to run with single-phase alternating 
current at 163 frequency and with 12,000 volts on the line can be 
approximately estimated as not exceeding уо tons. Mr. Parodi's 
figures for the comparative efficiency of the electric transmission 
with continuous current and single-phase alternating current are 
somewhat surprising. А 12,000-volt line has certainly a very much 
higher efficiency per kilometre for equal amounts of power transmitted 
than a third rail, even if the latter is heavier. On the other hand, 
in the case of the continuous-current system the losses between the 
central station busbars and the sub-station busbars are very important, 
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rarely falling below 20 per cent. It seems to me that it is impossible 
to give an instance to support Mr. Parodi's statement, or to justify it by 
any calculation. The results of the tests of the Midi locomotives men- 
tioned by Mr. Jullian in his paper show that in the case of a 280-ton 
train on a gradient of 17 mm. per metre, with an approximate drawbar 
pull of 6,100 kg., the efficiency, that is to sav, the ratio of the drawbar 
pull to the power taken from the sub-station switchboard, varied from 
63'5 to 724 per cent according to the type of locomotive tested. This 
efficiency is remarkable, and I do not think that such high figures could 
be obtained with the continuous-current system at 600 or 1,200 volts. 
The above remarks on the electrification of suburban lines arc not with 
the idea of showing that the single-phase system is the best system to 
adopt for new lines. Such a conclusion would not be correct. ‘Thus 
for very dense suburban passenger trafic the continuous-current 
system at боо volts, and even at r,200 volts, will remain the better 
solution, because it allows the use of lighter motor-cars than in the case 
of the single-phase system, and because the density of the traffic allows 
the sub-station to be operated under good conditions as regards 
efficiency ; but cases can be found where a line carries at the same 
time a suburban service and a main line service where the single- 
phase system should always be considered, for in certain of these cases 
it may provide a very interesting solution. 

Main-Line Services.—]f the electrification of long lines can be under- 
takenin France with a third rail it does not seem that this can be done in 
the same way asin America. ‘The reason is that in the latter country the 
railway track is often a public road, and the level crossings arc usually not 
protected. This is why it should be noted that the present projected 
electrifications of main lines, namely the Chicago, Milwaukee and St. Paul, 
and the Norfolk and Western Railway, will take current from overhead 
lines. Traction at 1,200 or 1,500 volts would thus not have provided 
the solution of the problem of the electrification of these lines. The 
usual overhead conductors employed can allow of the collection of 
200 or 300 amperes froin the line, but, on the other hand, locomotives 
of about 3,000 h.p. have now to be considered in the case of main lines. 
This leads to the conclusion that continuous-current traction should 
not be considered at pressures less than 2,400 volts, and preferably 
3,600 volts. The three-phase system has not yet been tried to any 
large extent in the United States. Perhaps in certain cases this is due 
to the fact that the foundation of the track isfar from being carried out 
in America with the same care as on the Continent. Three-phase 
traction has the disadvantage of requiring two collectors. The length 
of each of these is about бо cm. Any unevenness of the track, even if 
small, gives rise toa considerable displacement of the collector, and the 
contact is liable to be broken. In the case of single-phase traction, the 
feature of which is a single conductor, it is possible to allow a length 
of r'2 metres, and the disadvantage mentioned above disappears. It 
thus follows that the only systems available for main.line traction in 
America are the single-phase system and the continuous-current 
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system at 2,400 volts and above. As continuous current at 2,400 
volts has not yet been tried it is impossible to criticize it until 
the locomotives which are now being constructed in America have 
been placed in service; these locomotives are of comparatively 
small power (about 1,000 h.p.). It should also be noted that the 
2,400-volt continuous-current motors will be as heavy as, if not heavier 
than, the single-phase motors at 162 frequency. The reason is that the 
motors have to be insulated for a pressure of 2,400 volts, and this 
pressure has also to be considered in regard to the interior dimensions 
of the motor. This results in the motor being very much larger than 
a 600-volt continuous-current motor. The broad objection which 
Mr. Parodi raises to electric locomotives as compared with steam loco- 
motives is certainly justified. But, as he says, it is really because they 
are mainly destined for suburban service that they have been given 
their present features. It is possible that in the future the commutator 
motor will be abandoncd for single-phase traction on main lines in the 
case of express services where there are no stops. In this connection 
a paper read by Mr. W. S. Murray before the American Institute 
of Electrical Engineers is of particular interest.* The question of the 
transmission of mechanical energy from the motor shafts to the traction 
axles is at the present time one of the most discussed problems, and in 
connection with the experience mentioned by Mr. Parodi I may mention 
that the locomotive fitted with gear tried on the Pennsylvania Railway 
had not the arrangement of dummy shafts which is now used on the 
new single-phase New Haven locomotives. This system has worked 
excellently on the New York, New Haven, and Hartford lines, and the 
number of broken springs has been very small; indeed, this solution 
appears to be one of the most interesting at the present time. 
Mountain Railways.—There is little to add in this connection to 
what Mr. Parodi has said. As he mentioned, three-phase traction 
appears up to the present to have been preferred for the schemes 
carried out. ‘This is partly due to the greatly reduced weight of three- 
phase locomotives. Nevertheless, the importance of this point must 
not be exaggerated. It may be mentioned that the Giovi Tunnel 
locomotives had to be ballasted to 75 tons in order to make use of the 
full power of the motors as regards adherence. The three-phase 
system has really given working results comparable with the best that 
have been obtained with the continuous-current system ; and single- 
phase current appears to give an equally interesting solution, since the 
large railway companies, such as the Bernese Alps Railway, and more 
recently the Gothard Railway, are about to adopt the single-phase system 
on their lines. Moreover, it is possible in certain cases to make use of 
single-phase locomotives of a smaller capacity than those for three- 
phase locomotives for a similar service. Indeed, thanks to the 
flexibility of running of series motors, the steepest gradient can be 
climbed at a lower speed than the synchronous speed of three-phase 
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locomotives, and slight gradients at higher speeds in such a way as to 
give the same time-table. Under these conditions single-phase loco- 
motives can be used of an appreciablv lower output at the one-hour 
rating than three-phase locomotives for the same service. On the 
other hand, as regards the central station, the ratio between the mean 
power and the maximum power is lower with single-phase current than 
with three-phase current. 'These mountain railways are generally 
supplied with current from hydro-electric central stations, that is, from 
stations the overload capacity of which is less than that of steam 
stations. The capacity of such stations can thus be utilized a little 
better with the single-phase system than with the threc-phase system. 
The difference, however, is not of great importance. A plea for single- 
phase traction, however, must not be read into my remarks. The 
three systems, three-phase, single-phase, and high-tension continuous- 
current traction, have each a field which the future will determine. 
Each scheme should receive a careful investigation as a whole, and 
such an investigation should rarely fail to discover the correct solution. 
When the Midi Railway investigated the electrification of their system, 
the conclusion was reached that the best system to employ in the 
existing state of affairs was single-phase traction. Similarly it is 
obvious that the best solution has been chosen for the State Railways 
in adopting continuous current at 600 volts for the suburban lines. 
General conclusions, and especially systematic condemnation in regard 
to any particular system of electric traction, appear to me to be quite 
premature and altogether unjustifiable. 

Mr. W. 511хсо: I am gratified to notice the great attention which 
has been given to the importance of the subject of interference between 
high-tension traction and other power circuits and telegraph and tele- 
phone lines. The very large amount of capital sunk in the latter 
undertakings is such as to render the subject one of primary import- 
ance. It would be extremely disquieting to me to realize one day that 
the £30,000,000 worth of plant in the British Isles for which I am 
responsible was seriously jeopardized as regards its efficiency by wide- 
spread disturbances from sources of clectrical energy external to the 
telegraph and telephone systems. Up to the present the British Post 
Office has not had to contend with difficulties in connection with high- 
tension circuits to so great an extent as have engineers on the Continent 
and in the United States of America, but the introduction of electric 
traction is proceeding rapidly, and there can be no doubt that in the 
future the subject will demand great attention on the part of telegraph 
and telephone engineers, and the closest co-operation between such 
enginecrs and those responsible for the power undertakings. Possibly 
the best method of directing attention to the difficulties to be overcome 
will be to outline some actual experiences of the British Post Office. 
These may be divided into two classes—namely, effects due to con- 
tinuous-current power circuits and to alternating-current circuits 
respectively. As regards interference from continuous currents, the 
greatest effect is produced in the telegraph lines, since these are single- 
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wire earthed circuits. Electric traction engineers frequently design 
their systems so that the earth is wholly or in part used as a return 
circuit, with the result that differences of potential are produced 
between the earth-plates of telegraph circuits in the neighbourhood of 
the railway, and sometimes at appreciable distances therefrom. Con- 
siderable trouble has been experienced in working telegraph circuits 
from this cause, but up to the present it has been surmounted by 
artificially raising the resistance of the telegraph circuit and consider- 
ably augmenting the voltage used for signalling purposes. In some 
cases, however, the difficulty has been so great as to render it necessary 
to resort to metallic circuit working, a notable case being that of 
the block-signalling railway telegraph circuits in the neighbourhood 
of Dublin, which were interfered with by currents from an adjacent 
electric traction line. Some interference has also been experienced 
on telephone loops due to induction from continuous-current circuits 
when the load is rapidly varied or when the current fluctuated due 
to other causes. The fluctuations produced by the make and break 
between the brushes and the commutator bars on the motors of the 
train or tramcars create quite a noticeable interference in many cases. 
Apart from the disturbance in the working of the circuits themselves, 
serious effects are produced by the leakage or earth-return currents 
upon the sheaths of lead-covered cables. In several casesI have had the 
lead sheaths of underground cables cut and the interval bridged by an 
ammeter. The current along the sheath has been found to amount to 
8:3 amperes. Such a current leaving and re-entering the Ісаа sheath of 
the cable by way of the iron pipe in which it is placed would cause 
serious deterioration of the lead sheathing, and, in fact, cable sheaths 
have in many cases been perforated as the result of electrolytic action. 
In the case of such power systems as that described by Mr. Highfield, 
where an earth return is occasionally used, I am inclined to think that 
some improvement would follow from the adoption of the suggestion 
that the earth-plates of the power circuits should be buried far down in 
the earth. Опе other point worthy of attention is that a study of the 
geological formation between earth-plates should be made in order 
that some continuous conducting stratum may be found with the object 
of avoiding the deflection of return current streams by non-conducting 


masses of rock, etc. Other remedies for interference with telephone 


circuits will be mentioned later. 

The interference produced by high-tension alternating-current 
power lines is much greater and apparently much more difficult to 
eliminate. Some practical experience has been obtained in this 
matter. Between Lancaster, Morecambe, and Heysham there is an 
electric railway worked from overhead conductors maintained at a 
pressure of 6,600 volts single-phase at 25 periods per second. The 
length of the section, Lancaster to Morecambe, is about 4 miles. 
, Parallel with the power line at about the same height and at an 
average horizontal distance of 15 feet is a line of telegraph and 
telephone wires. The induced electrostatic effect was so great that it 
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was found necessary to erect an earthed wire between thc power line 
and the telegraph line to act as a screen. This screening wire 
reduced the induced electrostatic pressure from 350 to 50 volts. It 
is possible even now to obtain a shock by touching the ends of an 
unearthed telegraph or telephone line where it terminates on the 
Lancaster or Morecambe office test-boards. The electromagnetic 
effect is such as to produce a difference of potential between the ends 
of the telegraph lines of 16 volts, which is quite sufficient to actuate {һе 
ordinary Morse instruments. It is due to the fact that much higher 
voltages than 16 are employed on the telegraph that the latter is kept 
in service. Various methods have been suggested for reducing the 
interference, such as leaks to earth, the insertion of impedance, and 
the erection of wires so arranged as to induce electromotive forces 
opposed to those produced by induction from the power wire proper; 
but none of these devices has proved satisfactory in the case of 
telegraph circuits worked, as occasion demands, at low or high speeds. 
The interference with telephone loops is a much more serious matter 
owing to the sensitiveness of the receiver. It is impossible in practice 
to maintain the two wires of a telephone loop in such a state of perfect 
balance as to render them immune from interference due to the 
proximity of high-tension power lines. Variations in the temperature 
and in the strain due to wind pressure will produce slight irregularities 
in the loop, sufficient to make the circuit susceptible to interference. 
When any slightly unbalanced loop which is subject to inductive 
disturbance from high-tension lines is extended to other lines, as is 
normally the condition in setting up telephonic connections, any slight 
want of symmetry between the two sides of the loop upon which the 
extension is made increases the disturbance, so that the existence of a 
disturbing high-tension line not only involves the maintenance of the 
telcphone lines in itsimmediate vicinity in a state of extreme perfection, 
but also all those with which such lines may be linked in forming a 
chain of connections. It is a physical impossibility so to maintain 
lines. The very searching effects produced by high-tension lines 
will be illustrated by the following example: Along the Lancaster- 
Morecambe line previously referred to, a special telephone line was 
erected for a distance of 2°75 miles parallel to the power line and 
about 15 feet therefrom. The poles were equally spaced, the loop 
was revolved, the regulation of the wires and all other details made 
as perfect as modern practice will allow ; yet the loop was subject 
to interference by induction. No earthed screening wire was pro- 
vided, and the electrostatic pressure induced in each wire of the loop 
was of the order of 350 volts, making it unsafe to bandle the wires 
without wearing india-rubber gloves. Indeed, a fire was started 
when the end of one of the wires fell on some dry grass. Adjust- 
able earth leaks on each side of the loop were tried, but no 
condition was found in which the loop was rendered silent as 
regards interference from the power line. The disturbance due to 
induction is of course greatest when trains are running, because the 
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electromagnetic effect is then strongest. The interference with tele- 
phone loops is not so much due to the fundamental periodicity of 
25 periods per second in single-phase systems, as to the fact that 
harmonics are present in the current wave.’ In all probability if 
the power current was of approximately true sine wave form, 
at such a low periodicity the inductive effects, although present, 
would not be heard, being near if not below the normal limit of 
audition, The generators commonly employed do not, however, 
give true sinuous currents, and the motor commutators and brushes 
introduce other small irregularities with a high rate of change, and 
these are the main disturbing factors so far as audition is concerned 
on telephone loops. It is believed that if machines can be produced 
which will generate currents at low frequencies in approximately 
sinuous form—that is, without the presence of harmonics—and if 
commutators on the train motors can be made more perfect—that 
is, if fewer breaks in the motor circuit are made—the trouble experi- 
enced will to a great extent disappear. It has been impossible up 
to the present to introduce impedances in telephone loops with the 
object of minimizing disturbance, without at the same time seriously 
impairing the speech transmission efficiency of the telephone loop. 
The reduction of the electrostatic effect involves considerable diff- 
culties. The only effective methods yet tried, namely, the erection 
of earthed screens and the application of impedance leaks to earth 
are not entirely satisfactory, the former because it increases the 
electrostatic capacity of the power line and causes a greater 
expenditure of energy in charging the power network at all times, 
and the latter because it reduces the transmission efficiency of the 
telephone loop and interferes with the signalling arrangements 
between the terminal telephone stations. Experience has also been 
obtained in connection with the electrification of that section of the 
London, Brighton, and South Coast Railway between Victoria, London 
Bridge, aud Crystal Palace stations. The conditions of voltage and 
periodicity are the same as those given above, but the Railway Company 
have provided return cables with the object of minimizing leakage 
currents and the effects of electromagnetic induction. In spite of these 
precautions, however, an induced electromagnetic pressure of 30 volts 
is produced in a telegraph circuit parallel to the power lines for about 
four miles. On this account it has been found necessary to divert a 
number of circuits which were erected on the railway. Some of the 
Circuits were fitted with combined telephone and fire-alarm apparatus, 
and the disturbances rendered them quite unreliable for such an 
important public service. Other circuits which had to be removed 
were those used by the police authorities for telegraph purposes. 
Public telegraph circuits are also more or less seriously disturbed. 
One notable effort to minimize the interference was the application of 
leaks made up of inductance and capacity, the values being such as to 
make the leaks resonant at 25 periods per second. This was only 
partially satisfactory, since it makes it necessary to use frequencies 
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other than 25 periods per second for telegraph purposes. In the 
British Isles, Wheatstone and other high-speed signalling systems are 
commonly employed, and the insertion of any such devices as those 
mentioned reduces the use to which lines may be put, and are therefore 
objectionable. Such shunts to earth are also ineffective on certain 
types of telegraph circuit worked by condenser impulses. I am 
inclined to agree with Mr. Jullian that the only remedy in sight is the 
doubling of the lines to make them metallic circuits, or else the 
removal of the lines out of range of the power wires, which is a very 
expensive matter. On wires running parallel with the Brighton Rail- 
way Company's system the electrostatic induction is not marked, 
possibly owing to the use of carthed iron supports for the power line 
and to the route passing through a densely populated area where 
stations and other structures no doubt act as “earth” screens. We 
have also had some experience of interference from three-phase 
overhead transmission lines. One such system at 3,000 volts in South 
Wales gives considerable trouble while the neutral point of the 
generator is earthed, but the disturbance ceases as soon as the earth 
connection is removed. The telegraph and telephone lines are, how- 
ever, in this case about 40 yards distant from the power lines at the 
nearest point. I am extremely glad to know that this difficult problem 
is still occupying the attention of so many distinguished traction and 
power engineers, and I have great hopes that close co-operation 
between them and those responsible for telegraphs and telephones 
will ultimately result in some practical way out of the difficulty. 
Mr. N. MazEN : In the comparative investigations on which I have 
been engaged for some months I have reached certain conclusions 
that appear to me to supplement what has been said in this discussion. 
If all the French railway systems and also the Central European 
systems, including those of the British Isles, are considered, it will be 
observed that they form networks having sides 10-20 km. in length. 
The investigation of the equipment of such a network really 
amounts to that of a series of short lines 10-20 km. long converging 
towards junctions, which are obviously the proper positions for feeding 
points. The choice of system to be adopted is thus considerably 
narrowed down, and the problem becomes clearly defined. The main 
factors which are still variable are the profile of the line and the nature 
and importance of the traffic. On the one hand it is necessary to take 
into account that the distribution of energy over considerable areas 
from large generating stations is developing more and more, and there 
is every reason to believe that it will be of the greatest importance not 
to separate, either as regards generation or even distribution, the 
energy required for traction from that for supplying lighting and power. 
This consideration may to a certain extent influence the choice of 
current to be adopted for traction. To the above consideration should 
be added a number of others relating to the transforming of the 
energy, the weight of the rolling stock, the conditions for equipping 
the tracks electrically, electrolysis, disturbances caused to telegraph 
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lines, etc., which render it impossible, at any rate at the present time, 
to lay down any general method, whilst, on the other hand, free choice 
should be allowed to everyone for making use of the various systems 
of traction. It is only in this way tbat we shall reach, if such is 
possible, a definite system resulting from successive improvements, 
instead of making a hasty choice which might result in delaying 
progress. 

Мг. W. DUDDELL: In connection with the disturbances due to 
alternating current, I am reminded of that historical night in the early 
days of the 10,000-volt single-phase transmission of the London Electric 
Supply Corporation from Deptford to London, when owing to a cable 
breakdown it was necessary for a whole night to make use of the earth 
as the return conductor. The next morning the newspapers mentioned 
the remarkable “meteorological phenomenon” which had occurred 
during the night and had interrupted all the telegraph circuits as 
far even as Rome. 
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THE TRANSMISSION OF ELECTRICAL ENERGY 
BY CONTINUOUS CURRENT ON THE SERIES 
SYSTEM. 


(THIRD PAPER.)* 
By J. S. HIGHFIELD, Member. 


(Paper read in Paris at a Foint Mecting of THE INSTITUTION with the Société 
Internationale des Electriciens, 21st-24th May, 1913.) 


The author is very sensible of the honour conferred on him by the 
request of the Société Internationale des Electriciens to contribute 
a paper on the above subject on the occasion of the visit of the 
members of the Institution of Electrical Engineers to Paris. He has 
found it a difficult task to add very much to what he has recently 
written on the subject, but he has naturally taken full advantage of 
the valuable discussions which followed the reading of his papers in 
London in 1907 and in Glasgow іп 1912. 

The use of a constant continuous current with series connections 
is not new ; itis, in fact, one of the earliest methods of transmitting 
energy by electricity. When, however, the parallel system at constant 
pressure was evolved, this was so obviously more convenient for ordi- 
nary distribution systems over short distances that the series method 
was generally abandoned. It is due to the skill and persistence of 
Mr. Thury that a practical method of using the constant-current series 
system for long transmissions has been evolved, and he has carried 
out many schemes of considerable magnitude. A list of the more 
important of these schemes is given in Table I. 

There has been a tendency in discussing the use of the continuous- 
current series system to treat it as a rival of the alternating-current 
parallel system. It is a very natural point of view, but it is not a 
correct one. The latter system has been worked at for years, and the 
apparatus shows the satisfactory results obtained by the steady evolu- 
tion of design due to the sustained efforts of many skilled workers. 
When existing methods and standard apparatus offer a satisfactory 
commercial and technical solution to an engineering problem, there 
is no reason to depart from existing practice. Finality, however, is 
never reached in engineering; progress is as rapid as it ever was, 
and the new problems continually arising call for new methods of 


* Fournal of the Institution of Electrical Engincers, vol. 38, p. 471, 1907, and vol. 49, 
P. 848, 1912. 
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solution. A recent problem is the transmission of electrical energy 
over very long distances, particularly in countries where water power 
is available. In these problems the cost of the transmission line is 
often the most important element in determining the commercial suc- 
cess of the scheme, and it is notably in such cases that the continuous- 
current series system offers advantages. The schemes carried out 
by Mr. Thury, and also that carried out by the author, were decided 
on only after the fullest consideration of all the factors in each case, 
and they have all resulted in most satisfactory operation. Many 
schemes for the electric transmission of power necessitate the use of 
an underground line, and in others, although an underground line 
is not absolutely necessary, it is desirable. It would be commercially 
and technically most difficult to carry out some of these schemes with 
underground cables, except by the use of continuous current. In 
short, there are limiting conditions where it is less costly to carry fuel 
than to carry electricity by means of an expensive transmission line, 
and these limiting conditions are reached at a much less distance with 
alternating current than with continuous current. It is the author's 
intention in this paper to indicate as far as possible the various factors 
which must be taken into account in arriving at the value of the limiting 
conditions. 

The author understands that the discussion which is to follow will 
deal chiefly with the use of electricity for the transmission of energy 
over long distances, and this paper, therefore, treats of the subject 
mainly from this point of view. Before proceeding with this part of 
the subject, however, he would like to indicate other possible uses for 
the constant continuous-current machinery. 

The chief characteristic of the machinery used in all parallel 
systems is that it generally tends to run at nearly constant speed 
from the inherent qualities of its design ; and for all the many uses 
where constant speed is desirable, the parallel-system motors, which 
are so readily and cheaply manufactured, possess every advantage. 
Where, however, from the nature of the work, variable-speed motors 
are required—as, for instance, in mining work—considerable difficulties 
and complications are introduced with the parallel system. The con- 
stant-current series machine is naturally capable of running at variable 
speeds without complicated regulators and with high efficiency. A 
commutator is, of course, introduced, but this is not an expensive 
device to maintain, and in practice gives but little trouble. In a mine 
the ventilating fans, pumps, winders, hoisting, and air-compressing 
machinery are all preferably driven with variable-speed motors. Air 
compressors can be driven with constant-current series motors with- 
out any regulating gear; as the pressure rises the motor will slow 
down, and will stop when the pressure exceeds any predetermined 
limit, which can be adjusted by giving the brushes of the motor the 
proper lead. Such an arrangement is more efficient and less compli- 
cated than any of the parallel systems for driving compressors. "There 
is no doubt that in many cases where variable-speed motors are 
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required a local constant-current series plant would give excellent 
service. The system is inherently suited to such work, and the author 
is of opinion that it requires only careful development to be used to an 
increasing extent for such purposes. 

The following short technical description may be of interest. The 
plant and apparatus described are mainly those used by the author in 
the Western Area of the Metropolitan Electric Supply Company, and 
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are more fully described by him in a paper read at Glasgow last year 
at the summer meeting of the Institution of Electrical Engineers.* 


DEsCRIPTION OF THE THURY CONSTANT-CURRENT SERIES SYSTEM. 


The generators and motors are all connected in series, as illustrated 
in Fig. 1. The generators are caused to supply a constant current in 
the circuit by means of a suitable regulator, and the pressure supplied 
by the generators is sufficient to maintain a constant current against 
the resistance of the line and the back electromotive force of the 
various motors in circuit. These motors, of course, take an increasing 

* Fournal of the Institution of Electrical Engineers, vol. 49, p. 848, 1912 
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pressure as the load is increased. Where motors are required to run 
at variable loads and constant speed, suitable speed regulators are 
provided. . 

Proceeding to a more detailed description, it is convenient t 
describe the complete system under three heads, viz. the power station, 
the line, and the sub-station. 

Power Stalion.—Since one of the generators must bear the maximum 
difference of potential between the line and earth, it would be im- 
possible to insulate the armature and field windings to carry the very 
high pressures required, and therefore a radical departure from the 
usual practice is made by insulating the whole trame of the generator 
from earth, and joining the armature to the prime mover by an 
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Fic. 2.—Motor-generator showing Insulated Foundations. 


Generator output : roo amperes 5,000 volts. 


insulating coupling. To ensure the safety of the attendants it is 
necessary also to insulate the whole engine-house floor, and to arrange 
that it is impossible to touch any part of the generators and make a 
connection to earth at the same time. "These considerations involve 
difficulties which are overcome in the following manner :— 

Fig. 2 shows a method of insulating and supporting the concrete 
block carrying a motor driving a sub-station generator. It will be seen 
that the concrete bed is supported on strong stoneware insulators, 
which are themselves supported on concrete. The pit is filled in with 
an insulating asphalt compound. Ordinary Zodal or Raffard couplings, 
with adequate spaces, are used to connect the machines. 

In addition to the insulating coupling, Mr. Thury has used a form 
of slipping coupling designed to slip with 25 per cent overload. 
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This is a very useful device in certain cases, particularly where the 
generators are driven by water turbines. The author is, however, of 
opinion that further experience in the design of the plant will make 
this device unnecessary under many conditions. 

Main Swilchgear.—Fig. 3 shows the actual switchboards on the 
Western Area system. Working with overhead lines, the addition of 
suitable lightning gear would be required. 


XXXXXxXAX к X 
ХО) Xx 
"209795. х) X 
KO XX XX XD x x 
D 22 5-9 


SS y Sill yes 0. пут» 
AA fie ee NET МЕСКЕУ ЛК О ХЕ 
РА Ll i 7 


i 
‘ 
' 
7 
i 
' 
4 
© 
! 


- 
$ van 


STS CX 


FiG. 3.—Main-Switchboard with Line and Earth Switches and Instruments. 


Generally speaking, there are two ways to design an electrical 
system—one is to put in sufficient spare machines, cables, and safety 
devices, so that if some part of the plant or cables breaks down the 
safety devices cut out the defective gear and prevent dislocation of 
the entire supply. In the early days of central stations, when plant 
was not so good as it is to-day, this principle prevailed throughout, 
even to the point of providing duplicate steam pipes and stop valves. 

The later and far superior method is to put in less spare gear and 
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install the plant in a better manner, so that it is not likely to break 
down, dispensing with safety devices as far as possible. 

With the continuous-current series system it is usually convenient 
to use one line from a small station, and perhaps two lines from a large 
station, and the system does not lend itself to a large number of 
automatic contrivances such as are generally used in the parallel 
system. It is necessary, therefore, to install the cable system in the 
strongest possible way, so that the chances of failure are removed. 
Similar care should be taken in the design of the station plant and 
of the little switchgear and accessory apparatus required. 

The safety devices used are as follows: The generators are pro- 
vided with a short-circuiting switch, which is closed mechanically and 
automatically should the generators reverse their direction of rotation 
due to a breakdown of the prime mover. The slipping coupling already 
referred to protects the prime mover from the generator in the event 
of a very sudden short-circuit. 

Most of the existing series systems are driven by water power. 
A series generator working at constant speed requires a constant- 
torque motor to drive it, and is most efficiently regulated by varying 
its speed; the torque of a water turbine increases as the speed is 
reduced, the maximum torque being about twice that at the most 
efficient speed. With constant head, to maintain maximum efficiency, 
the water turbine should run at constant speed, although in the existing 
series plants the regulation, for convenience, is carried out by varying 
the speed of the turbines. If, however, it were necessary to maintain 
maximum efficiency on varying loads, it would be preferable to run the 
generators at constant speed. 

The number of series generators driven by steam plant is very 
small, as is also the size of the units. There is therefore not much 
experience on which to ро; but since the torque of the steam engine 
with constant cut-off is constant, and does not increase in the same 
way as that of a water turbine, it follows that the necessity of the 
slipping coupling is not nearly so great in the case of the steam engine 
as with the water turbine. Its advantage would be that, in the case 
of a very violent short-circuit sufficient to stop the generator armature, 
the flywhecl effect of the moving parts of the steam engine would not 
get farther than the slipping coupling. 

The line current is kept constant by a form of regulator which may 
vary either the speed of the prime mover or the position of the brushes 
where constant speed is required. 

A complete generator with its regulator in position is shown in 
Fig. 4, and in Fig. 5 the operating switch pillar which may be used for 
either the generator or motor. 

Cable System.—-The cable employed on the Western Area system 
has a single core with a cross-section of o'125 sq. in., insulated with 
impregnated paper wound on to the copper conductor to a depth of 
} in. the whole being covered with a lead sheath. A section of the 
cable, and also of the joint, is shown in Fig. 6. 
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Fig. 7 shows a section of the cable used on the Moutiers-Lyons 
system. This cable has been in use since 1906, first at a pressure of 
57,600 volts and recently at 75,000 volts. 

The whole of the Western Area cables have been subjected to a 
steady pressure of 150,000 volts for a period of about 30 minutes. The 
joints have been tested at alternating pressures up to 150,000 volts. 
The cables are intended for a regular working pressure of 100,000 volts, 
and it is anticipated that there would be no difficulty in working them 
at a still higher pressure. For making these tests two special machines 
have been built. The first consists of an influence machine giving a 
direct pressure of rather over 130,000 volts. The second machine 
consists of a contact maker working in conjunction with condensers 
and a step-up transformer, and is expected to give pressures up to 
300,000 volts. 
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Ес. 7.—Section of Cable used on Moutiers-Lyons System. 


The Western Area underground system consists of the two single 
cables referred to above, laid in cast-iron pipes. This cable system, at 
a pressure of 100,000 volts, will carry a load of 12,000 kw. In addition 
to the cables, provision is made for working with an earth return, and 
for considerable periods the whole of the power has been supplied 
through a single cable and the earth. The two cables with the earth 
return provide a system having a capacity of 12,000 kw. in complete 
duplicate. 

Sub-siations.—The sub-stations are equipped with series motors 
suitably insulated from earth, as already described, and coupled 
through insulating couplings to generators designed to supply either 
continuous or alternating current to the distributing circuits. The 
switchgear for the secondary side is, of course, of the ordinary type. 
The gear for controlling the continuous-current motors is precisely the 
same as the switchgear at the power station (shown in Fig. 3). The 
switches are all of the same size ; in fact, the gear at all the sub-stations 
is of the same design and capacity. Each motor is controlled by a 
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short-circuiting switch mounted on the bedplate, of similar design to 
the generator switch shown in Fig. 5. In addition there is an isolating 
switch, working under oil, which is used to cut off entirely the supply 
to the motors. The switch is doubly insulated, and is of exceedingly 
sound construction. 

For the protection of the motors a short-circuiting switch is used, 
which either gradually or suddenly short-circuits the motor in the case of 
the speed exceeding a predetermined value. It is not possible to over- 
load the motors in the ordinary sense, since the current is constant. 

The speed of the motors is kept constant by a regulator of similar 
type to that used on thc generators ; this regulator alters the position of 
the brushes to suit the load. 


GENERAL CONSIDERATIONS AND COSTs. 


Considered from the point of view of long-distance transmission, the 
series system possesses the following advantages :— 

It is particularly easy to work several power stations on a single line, 
so as to тее! an increasing load, by starting up a new station without 
increasing the line pressure. Supposing for the moment that a trans- 
mission system of considerable length is started up with one power 
station supplying energy to sub-stations connected at different points 
on the line: when this power station is loaded up a certain rnaximum 
pressure for which the line is designed will be attained. In order to 
provide for the growth of load, it will often be possible to connect a 
second or third station in series on the line, and if this station be con- 
nected at a proper point in relation to the sub-stations, a much greater 
load can be supplied without increasing the maximum pressure at any 
point on the line and without any additional line losses. This method 
has been used in the Chaux de Fonds system, which was started with 
one station, and as the load increased two other power stations were 
erected, all three running in series on the same circuit. More recently 
a similar method has been adopted in the Moutiers-Lyons system. In 
fact, one immense advantage is that the difficulties of running in 
parallel are entirely avoided, so that several power stations may be 
connected to the same ring as the total load increases, thus allowing 
the effective working pressure to be raised far above any figure 
possible with any other system. In short, in this respect the uniform 
section of the cable renders the series system far more flexible than any 
parallel system. 

Difficulties due to the capacity and inductance of the line are 
eliminated, and where an underground system is necessary, owing to 
the high pressure that can be used with continuous current, energy can 
be transmitted to a far greater distance than is possible with alternating 
current. 

Broadly, it may be said that where, owing to the great length of the 
line, the cost thereof is the dominating factor from a commercial point 
of view, then the continuous-current series system will show an 
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advantage over the alternating-current parallel system. Where, how- 
ever, the cost of the line is not the important point, the latter system 
will usually show to the greatest advantage. 

At the present time the maximum pressure for underground cables 
for alternating current over a long transmission is probably 25,000 volts, 
and even when working with a frequency of 25 cycles the capacity 
current presents considerable difficulties. These difficulties can, to 
some extent, be reduced by lowering the frequency, and such a reduc- 
tion in frequency would permit of the employment of a higher working 
pressure ; but a reduction in frequency introduces complications of its 
own, and, chiefly, it greatly increases the size and cost of the static 
transformers. 

The transmission of energy to very long distances by means of 
overhead lines is now a well-known method of engineering, and there 
is no commercial or technical difficulty in transmitting very large 
amounts of power at exceedingly high pressures. The cost of an over- 
head three-phase line, even at equal pressure, is greater than that of a 
series continuous-current line. For transmitting up to, say, 30,000 kw., 
not more than four wires would be required, working two in parallel. 
This would compare with six wires for a similar three-phase line, so 
that there would be some saving in insulators. In addition, the weight 
of copper would in most cases be less with continuous current, as no 
close regulation is necessary, and the amount of the loss can be calcu- 
lated entirely on a commercial basis and without reference to technical 
difficulties. In most cases, with the alternating-current system, the 
determining factor is the maximum loss that will give good operation. 

It is very difficult to assign any accurate figures for the cost of 
overhead construction, as, in addition to the actual cost of the work, 
which is determined largely by the nature of the ground and its position 
and distance from a railway, there has to be taken into account the cost 
of wayleaves, which, in many districts, is considerable ; and also in 
rough country the cost of removing trees, as with a high-pressure line 
it is essential that there should be ample clearance on either side of the 
wires. The following examples (see Tables on page 650), showing the 
cost of overhead lines, may, however, be of interest. 

It will be seen from the examples given on the next page that in many 
cases the cost per kilowatt-mile of overhead lines is greater than the 
cost of the underground continuous-current cable system. ‘The author 
does not suggest that such will invariably be the case, but it is interesting 
that, in some cases at least, such a result is shown. 

Quite apart from the question of cost, the underground system offers 
definite advantages over the overhead system. In the first case it is 
possible to run underground cables in urban districts where overhead 
lines would not be permitted. Then the overhead system is more 
subject to wilful damage and suffers far more harm from storms and 
lightning ; also the cost of maintenance is much heavier with overhead 
lines, the cost of maintaining underground lines being an almost 
negligible quantity. "Therefore, other things being equal, where 
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continuity of supply is of the first importance, the underground system 
will usually be chosen. 
Consideration has not yet been given to the important fact that, 


COST OF OVERHEAD TRANSMISSION. 
Estimated Cost of Eight Lines 100 miles long. 


Power factor, 0°85. Full load pressure loss, ro per cent. Lattice 
steel towers spaced at an average distance of 150 yards. 


| Total No.of| Costper Cost per | 
| Pressure. Capacity of Wires. Mile. Kw.-mile. 


| Line. 
um = | "n жик mE 
| Volts. Kw. £ £ 
Three-phase trans- | 
mission ... A 60,000 ! 10,000 6 1,684 o'168 | 
Three-phase trans- 
mission ... iss 60,000 ` 30,000 6 2,954 о'098 | 
Three-phase trans- | | 
mission ... ET 100,000 | 10,000 6 1,271 0'127 
Three-phase trans- | | 
mission ... ... | 100,000 ! 30,000 | 6 L717 003; ! 
Continuous - current | 
transmission  ... 60,000 10,000 1,345 0134 ! 
Continuous - current | 
transmission  ... 60,000 


Continuous - current 
transmission  ... 100,000 

Continuous - current 
transmission  ... 100,000 


10,000 


4 

30,000 4 2,182 0'073 
4 1,077 о`108 ' 
4 


30,000 1,379 0046 


Actual Cost of Lines erected іп England. 


(a) With steel poles spaced at an average distance of 133 yards. 
(b) With wood poles spaced at an average distance of 70 yards. 


] 
1 


П t ! ` 
| Pressure, | Capacity of фы Coat per | Cost per 
| Line. 
| Vots ^ Kw. £ £ 
(a) Three - phase | | 
transmission | 10,000 2,000 6 1,278 | 0639 
(b) Three - phase ` 
transmission 10,000 2,000 6 | 1,248 0'624 


| | | 


where continuous current is used, the earth can be employed as part of 
the circuit. The earth may be used either as a permanent conductor 
for the return current, or it may be used as a stand-by in the event of 
the failure of one of the insulated lines. In either case, but particularly 
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in the former, this use of the earth on a long transmission isof immense 
commercial importance. When the earth is used as the return circuit 
two single lines in parallel would take the place of four, thus reducing 
the weight of copper and the number of insulators by one-half. 

Before making use of the earth connections near London careful 
experiments had to be made in order to prove that no damage was 
caused to other users of the soil. These experiments were described 
by the author in a paper read in Glasgow in June, 1912,* and an 
Appendix is attached hereto repeating the information. It is of 
interest that the Board of Trade and the Post Office Authorities will 
allow the earth connections to be used in the case of a breakdown. 

As shown in the Appendix, it is a simple matter to make earth 
connections having a joint resistance of not more than 1 ohm. As an 
example of the value of the earth when used as a permanent conductor 
in conjunction with two parallel insulated lines, it may be mentioned 
that the total resistance of a line тоо miles long with two conductors of 
O'I25 sq. in. section, including the resistance of the earth connections, 
would be 18 ohms, and the number of kilowatts required to keep the 
line charged would be 180, or r:5 per cent of the capacity of the line, 
that is to say, the capacity of one of the conductors of which the line 
consists, so that complete duplicate transmission is provided for. With 
the two lines in series, without the earth connections, the total resist- 
ance would be 68:3 ohms, and the number of kilowatts required to keep 
the line charged would be 685, or nearly 6 per cent of the maximum 
capacity of the line. 

The best method, where the line losses are not of great importance, 
is to use two insulated lines, arranging them in such a way that, in 
the event of failure of either line, the earth can be used as the return 
circuit. On a long line it would be necessary to equip earth stations 
so that sections of the line could be cut out. Where the line losses 
are of great importance it would be best to use two insulated lines 
working in parallel, employing the earth as the permanent return, 
suitable connections being made to the two insulated lines so that one 
or both of them may be used, and arranged so that sections can be 
cut out. 

Particulars of underground lines are given in Table II, which shows 
the cost of underground systems working at 50,000 and 100,000 volts 
continuous current and 20,000 volts three-phase current. Admittedly, 
the higher pressure of the former gives it an advantage. With alter- 
nating current the pressure is limited not only by the difficulty of 
insulating the cables, but also by the greater difficulty introduced by 
its capacity where a higher pressure than 20,000 volts is used. It will 
be most interesting should the discussion show that a higher pressure 
than 20,000-30,000 volts can be used with underground alternating- 
current lines. 

The following may be said to be the main difficulties in connection 
with the use of the series continuous-current system :— 

* Fournal of the Institution of Electrical Engineers, vol. 49, p. 848, 1912. 
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Power Station.—The chief difficulties in the series system arise in 
connection with the power station, and it is here that the greatest 
departure has to be made from existing practice. In the first case, 
with present knowledge, the generator is subject to rigid restrictions 
as to size. It is possible to build machines giving тоо to 200 amperes 
at a pressure of 5,000 volts ; it may be possible to go up to a pressure 
of 6,000 volts if suitable speeds can be chosen. For generators of 
300 amperes probably a lower pressure would be necessary, Say 4,000 
volts. Consequently the maximum size of a generator at the present 
time may be taken to be 1,200-1,500 kw., the larger machines 
running at 250-300 revs. per minute, and the smaller ones at about 
400-500 revs. per minute. Consequently, to make up a large power 
unit, it is necessary to couple two or more generators to a single prime 
mover. On the Moutiers-Lyons system the largest units consist of 
turbines, each capable of developing 4,000 h.p. when running at 
a speed of 428 revs. per minute. Each turbine is coupled to two 
double machines, the complete set supplying a current of 150 amperes 
at a maximum voltage of 18,250. When the system is completed 
the power transmitted in series will be 15,000 kw., or 150 amperes 
at a pressure of 100,000 volts. The maximum pressure so far attained 
is 75,000 volts. 

The speed of the generators can usually be made to fit in with the 
speed of water turbines when the fall is of moderate height, and, 
except for the couplings, no further complication is introduced. The 
space occupied by the set is, of course, greater than that occupied by 
a similar alternating-current set, but, on the other hand, the switchgear 
takes up much less room, and static transformers are not required. 
Therefore in the case of an hydraulic power station where the turbine 
speed is suited to the generators, the overall cost of the power station 
will be similar to that of an alternating-current station. When it is 
necessary to drive the generators by means of steam turbines or 
by high-speed hydraulic turbines, the system of double helical gears 
employed by Sir Charles Parsons for marine propellers provides a 
satisfactory means of reducing the high speed of the prime mover 
to the most suitable speed for the generators. This, of course, intro- 
duces a complication, but at the same time the gears have operated 
in a most satisfactory way in connection with marine work, and should, 
therefore, be equally useful for driving the series generators. The 
power station would, in this case, generally cost more than a power 
station of similar size for alternating current. Where the size of the 
units is very large, the cost of the power house on the series system 
will be considerably higher than that of a similar station containing 
alternating-current plant. 

Line Losses.—The energy lost in the line with constant current 
will usually be higher than with the constant-pressure systems. The 
high load factor with which most long-distance transmission systems 
must work in order to show commercial advantage makes the large 
amount of energy represented by the constant losses a comparatively 
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small percentage of the energy transmitted. Fig. 8 shows the amount 
of these losses in a convenient form. It shows the kilowatts lost with 
various line currents per roo miles of line, and also the percentage 
loss of energy transmitted at various percentages of full load. The 
thick line curves represent these figures with a completely insulated 
line working at a density of 800 amperes per square inch of conductor, 
and the thin line curves the figures for a line consisting of the same 
two cables in parallel and an earth return having a resistance of 
1 ohm. 

Sub-siations.--The cost of the continuous-current motors, generators, 
regulators, and switchgear will in most cases be found to be similar 
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Fic. 8.—Curves showing the Line Losses (in kilowatts) at various Line 
Currents, also the Percentage Line Losses (kw.-hours) at various Per- 
centages of Full Load and Load Factors of 50 and тоо per cent. 


to the cost of alternating-current motor-generators with their switch- 
gear, but exclusive of static transformers, which will generally be 
required for high-pressure alternating-current working. The cost will, 
in nearly every case, exceed the cost of sub-stations equipped with 
either static transformers only or static transformers and rotary con- 
verters. Wherever rotating machinery is required the switchgear and 
operation of the series system is less complicated, and can be taken 
charge of by less skilled attendants than is the case with an alternating- 
current station. It is, however, more complicated than a sub-station 
installed with static transformers. It may therefore be said that, 
where the frequency of the transmission system is different from the 
frequency required in the distributing circuits, the continuous- and 
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alternating-current sub-stations will be equal in cost. In other cases 
the alternating-current station will usually have the advantage. 

The author has made calculations in many individual cases as to the 
relative advantages of continuous current and alternating current for 
particular schemes. He has found that conditions vary so much that a 
general series of figures showing the advantages in respect of one or 
the other is most difficult to arrive at. 


I-00 


20,000 volts A.C.Two cables. 
Cost of trenching & two-way duct £87 per mile. 


3 
0-75 20000 volts A.C. Three ca 

= N Cost of trenching & three-way duct £ 1100 per mile. 
z 

-X 

© 0-05 

a 

è 

= 

2025 


О OI 0:2, 0: 3 Ov 0:5 
Sectional area of conductor in square inches. 
Density, 850 4.45. Ich. 
Cost of Copper taken, al £ 62-0-0 per bon. 
" e Cad „ „ £ 15 -9-0 ~ " 


Fic. 9.—Relation between the Cost of Three-core Alternating-current 
Cables and Continuous-current Single-core Cables. 


There are certain clearly defined cases where the series system 
offers an advantage ; for instance, where a load of about 7,000 kilowatts 
had to be supplied at various points in a scattered district involving a 
length of approximately тоо miles by underground mains and where 
the cost of energy was comparatively small. In this case the series 
system was the only system commercially possible. The author has 
prepared the figures shown in Table III and the curves of Fig. 9 with 
the object of showing the approximate length of the transmission 
before the series system should be considered on the score of capital 
cost. Itis clear that such figures can only be of very general value, 
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but they are put forward as being fairly typical of the cost under 
normal conditions. 

The modern constant-current system has been developed almost 
single-handed by Mr. Thury. The number of engineers who have 
worked in connection with its development is comparatively small. 
This short paper will have attained its purpose if it serves to call the 


'TABLE III. 


(This table gives the approximate costs of power stations and sub- 
stations, and, using the figures in Table II, shows the length of line 
where the total costs of the systems are equal.) 


AC. | DC A.C. | D.C 
— i — — — 
Capacity of system, kw.... -. | I0,000 | 10,000 ! 30,000 30,000 
Working pressure, volts.. ... | 20,000 |100,000 ' 20,000 |100,000 
Cost of cable system in £ per kw. | | 
mile laid 0°44 O'IS o'28 | o'o86 


Cost of power station in £ per kw. I4'0 
Capacity of sub-station, kw.  ... 1,500 
Cost оў sub-station іп £ per kw.— 


With static transformers — ... 403 — 331 — 
With rotary converters 74 — | 572 E 
With motor-generators 9:87 849 821^ 69 


Total cost of power station апа 
sub-slation in £ per kw.— 


| 
| 
With static transformers... | 18°03 
| 
| 


— 14'3І — 
With rotary converters 21 — | ios — 
With motor-generators 2387 | 2449 | 1921 194 
Particulars of conductors— | | | 
Number and size of cables ... |3-0'125 |2—0'125 | 3-035 | 270735 
Sq. in. | Sq. in. | Sq. in. | sq. in. 
Length of cable run where the costs 
of the two systems are equal— | Miles. | Miles. 
With static transformers ... 22:3 ! 26'2 
With rotary converters - 10°6 13°3 
With motor-generators эз 2'I 0'98 


attention of engineers who have hitherto concentrated their efforts on 
parallel systems to pay some regard to the series system. For the special 
reasons and purposes which the author has endeavoured to set out in 
the paper, the series system may be of great use in opening up further 
fields for the economical transmission of electrical power ; and it really 
provides the engineer with the means of handling problems, necessi- 
tating, on the one hand, the use of variable-speed motors, and, on the 
other, the economical transmission of power in either small or large 
quantities over great distances, 
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In conclusion, it may be said that, according to present knowledge, 
the advantages of the system are as follows :— 


I. The cost of the line is less than the cost of a line of similar 
capacity for alternating current, more particularly where 
underground transmission is desirable. 

2. By the use of the earth as one of the conductors a very large 
saving in the cost of the line can be made, a saving which is 
not possible with alternating current. 

3. The switchgear and switching operations are very simple. 

4. The operation of several stations in series is less difficult than 

the operation of several stations in parallel. 

. The uniform section of the cable permits of an increase in load, 
supplied at first from one point, to be readily provided for 
at the other suitable points on the line by other stations, 
without adding to the cable system. 

6. The very efficient speed regulation of the motors. 


л 


APPENDIX. 


The following is a short account of the experimental work under- 
taken before it was decided to use the earth as a stand-by conductor 
on the Western Area system :— 

Mr. Thury had already carried out a great deal of work on this 
. subject. The town of Lausanne was supplied from Saint Maurice 
through a single conductor with the earth as the return for 443 days 
continuously. Iron earth-plates were used, and during the whole time 
of their use it was found that their resistance changed very little. The 
current was 150 amperes, and theoretically the plates should have been 
oxydized away in less than two months, but apparently after a layer of 
oxide has been formed further action is very slow. The total resistance 
of the earth connections was about 1:6 ohms, and it was found that no 
inconvenience was experienced in connection with telegraphs and 
telephones. 

The geological formation of the Rhone Valley is, of course, 

altogether different from that near London. It is, in fact, not nearly 
so favourable for the purpose, consisting largely of highly insulating 
rock, and the layer of soil and other conducting material is compara- 
tively thin. Further than that, the Rhóne water is so pure that its 
conductivity is exceedingly bad ; it would be truer to state that its 
insulating properties are high. Consequently it was felt that before 
arriving at any decision as to the possibility of the successful use of the 
earth near London further experiments were necessary, and it was 
decided that, in any event, the earth-plates should be situated at a con- 
siderable depth below the ground surface, and that connection should 
Vor. 51. 42 
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be made to them by insulated cables in order to avoid stray currents in 
the neighbourhood of the plates. 

The experiments were carried out in order to obtain the following 
information, namely :— 


(a) At what depth below the surface must the plates be buried in 
order that the effect of currents at or near the surface 
should be negligible. 

(b) The size of plates to be used and their number. 

(c) The distance apart at which the plates should be situated. 

(d) The value of the carth resistance and its constancy. 
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Fic. 10.—Showing Earth-plates and Connections. 


In short the experiments were undertaken to ascertain the best 
method of adapting the earth asa permanent conductor for industrial 
currents in such a way as to avoid interference with telegraphs, 
telephones, or other users. 

With the first object in view, four iron plates were buried in the 
earth, situated vertically above each other, as indicated in the diagram 
(Fig. 10). The area of each plate was 4 ft. x 2 ft. 2 in., with the 
exception of the top plate, which consisted of a length of 6-in. pipe. 
These plates were made one pole of a circuit, the other pole consisting 
of large masses of iron buried in the ground round the works, chiefly 
condensing water pipes of very large sizes, which made an excellent 
earth, the resistance of which was found to be negligible as compared 
with the resistance of the test plates. A steady current was then passed 
between one of the plates and the station earth, measurements bein gs 
made between the various points by means of a Kelvin electrostatic 
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voltmeter for the high readings, and by a moving coil voltmeter for 
the low readings. 

The following observations were made, namely :— 

I. With a steady current of 20 amperes passing between the earth. 
plate, 20 ft. deep, and the large main earth, the measurements were :— 


Between the earth-plate and 


a point 120 ft. away — ... inc ds .. 165'0 volts 
a point 60 ft. away n is bac .. IÓ5'0 ,, 
the surface earth-plate ... TT ms ss 1035 5 


Between the surface earth-plate and 
a point 120 ft. away ae m bm .. 0°024 volt 
a point бо ft. away ues vis - . ооб , 
Between the earth-plate, то ft. underground, апа 


a point 120 ft. away з s 25 . 0°035 volt 
a point 6o ft. away g 2d jd e. 0024 ›, 


2. With a steady current of 21 amperes passing between the earth- 
plate, 30 ft. deep, and the large main earth, the measurements were :— 


Between the earth-plate and 


a point 120 ft. away ... T — .. 1357 volts 
a point бо ft. away 6. TP us sx 13455 э» 
the surface earth-plate ... T us £e. X33 5- 4 


Between the earth-plate, 1o ft. underground, and 


a point 18 ft. away s Т A .. 0'008 volt 


Between the surface earth-plate and 


a point 120 ft. away ... ie is .. 0'020 volt 
a point 60 ft. away T тт Р we соо ,, 
a point 18 ft. away js "M vs e) 07004, 


3. With a steady current of 21 amperes passing between the 
surface earth-plate and the main earth, pressure readings were taken 
between the surface plate and spikes driven into the ground at various 
points. The results are shown on Fig. 11. 

All the above readings were taken with the positive pole of the 
generator connected to the test plate. 

The foregoing experiments indicated that the pressure fall occurred 
in the immediate neighbourhood of the plate (in fact, at the plate 
itself), and that when the current was carried to a depth of only ro ft. 


660 HIGHFIELD : TRANSMISSION ELECTRICAL ENERGY (29nd May, 

I77 145 174:5 174 

174 1735 ПЭ 1725 

I74 112-5 тїї5 169 

I1239:5 142. 

NE 169 DE tive Surface 
late 
TTA 172725 0 165 
174 ИЭ тїп ІП 


її 1155 173 142-5 


Scale Feet. 
о в 12. i8 
Кыс СО 


Figures in volts measured between 
plate anda spike driven into the ground 
ab point shown. 

Plate positive. Current 21 amps. 
Fic. 11.—Area of Plate. 


| 160 


I40 


IOO 


80 


Volbs. 


60 


Showing relation bebween pressure drop 
к current for plates of four sizes. 


Plates in Canal Water. 
FIG. 12. 


1913] BY CONTINUOUS CURRENT ON SERIES SYSTEM. 661 


the pressure drop in the neighbourhood of the plate was exceedingly 
small. 

Further tests, to make sure of the absence of the possibility of 
interference, were made by using the pilot wire as the test wire, and 
taking readings of the difference in pressure between Willesden and 
an earth-plate in the Brent River, aboüt 1 mile from Southall, with 
the current to earth and without. А varying difference in pressure of 
from o'6 to 1 volt was observed when the circuit was worked with a 
completely insulated system, this being due to the London United 


160 


Showing relation between pressure fall and 
Eso area of plate аб three ditferent currents: 
Plates posibive in Canal-water. 


120 


о 2, 6 8 10 IZ 14 16 18 
Total area of plate in 100 sq. ins. 


FiG. 13. 


Tramways system on the Uxbridge-road. With the current flowing 
through the earth the readings varied, being from 1°6 to 2 volts; thus 
the effect of the earth current was to raise the pressure by r volt. 

Using the pilot wire connected in parallel with the earth a current 
of 3 milliamperes was observed without the current in the earth, and 
8 milliamperes with 9o amperes flowing, the resistance of the pilot 
wire being 279 ohms ; the difference in pressure between the earth at 
Southall and Willesden due to the earth current was 1'4 volts. 

The latter tests were made by the Post Office engineers, who 
kindly gave much assistance in these investigations. 
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А series of experiments was carried out with different sizes of 
plates, and Fig. 12 shows the results of tests on the various sizes of 
plates used. The tests were made on plates suspended in the canal, 
and from the results obtained the curvesin Fig. 13 were plotted. These 
curves show that with a current of т ampere per боо sq. in. of plate 
little advantage is obtained by making the plate larger. 
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FIG. 14. 


Further readings were taken, the results of which are plotted in 
Fig. 14, with similar plates in order to show the difference be- 
tween the conductivity of the connection in water and in clay, and 
also to show the effect of using three plates situated close to- 
gether and the same plates situated at various distances apart. The 
curves indicate that there is little advantage in spacing the plates a 
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greater distance apart than 6 ft. They also indicate that plates buried 
in clay have more than twice the conductivity of similar plates buried 
in water. To decide exactly the distance apart at which the plates 


Generating station 


| 65 0” | 75'0- | 
Showing position of Earth Plates at "A. 
Fic. 17. 


should be buried, a further series of experiments was made, and typical 
results are shown in Figs. 15 and 16. These tests again clearly indicate 
that when the plates are buried at a distance of 6 ft. practically the 


Station 


Earth Plates at "A. 


maximum conductivity is obtained, and that platés at this distance 
apart have nearly twice the conductivity of plates 1 ft. apart. 
. Before completing the above experimental work, earths were made 
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at Willesden and Southall in the following way: At each place three 
bore-holes were made at the positions shown in Figs. 17 and 18, each 
bore-hole having a diameter of 7 in. and a depth of approximately 
35 ft. The first series of experiments indicated that such a depth was 
perfectly safe. This gave a current of 33 amperes per plate, and it was 
considered that the plates could carry this current for temporary use. 
For permanent use, however, probably six plates would be required 
so as to reduce the current to one-half. The earth-plates consisted 
of cast-iron pipes having an outside diameter of 6 in. and a length of 
9 ft. To each plate an insulated cable was bonded, and arrangements 
were made for measuring the current carried by each plate. After the 
pipe was placed in the bore-hole the space round it was filled in with 
chalk, the cable being brought up to the surface by means of an 
insulated tube. The plates at Willesden are all buried in ordinary 
London clay, and at Southall in fine gravel, which is generally very dry. 
After the system was started for permanent supply, careful measure- 
ments were made in order to ascertain what variations took place in 
the resistance of the earth connections. The resistance of the two 
earths is almost exactly 1 ohm, so that although only three plates were 
used the earth is very effective. 

It may be said generally that all the experiments show that plates 
buried at a considerable depth offer less resistance than plates buried 
at the surface. The author is inclined to think that this is due largely 
to the heavy pressure on the plate when buried at a depth. 

When the earth is put in parallel with either cable, with до amperes 
in the main circuit, 30 amperes flow through the cable and 60 amperes 
through the earth, so that the ordinary resistance of the two earths is 
approximately one-half the resistance of either cable. 

In order to ascertain what change took place in the resistance, a 
current of go amperes was allowed to flow through the earth-plates for 
some time, and since the figures may be interesting they are given at 
length, as follows :— 

With a constant current of go amperes, the Willesden earth being 
positive, the fall in pressure was as stated below :— 


Date. Total Drop Pressure Drop 
uly 13th... e oe 108 8 
"s aie pus Ко 108 48 
» 5th... Dee 26 94 43 
‚17... ios "S IOO 48 
„ I9th... $i is 94 48 
» 190%... РИ 77 О 
Є е ui SEN © pi 
н. 21st... “> iud IOO 49 
» 22nd Pus sis 104 49 
24th... 105 49 


ч 27th (after rain) ... 75 26 
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With the Willesden Earth as negative. 


Date Total Drop Pressure Drop 
SM in Pressure. at Willesden. 
Ig11. Volts. Volts. 
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With the Willesden Earth as positive. 


July 12th f I0.30 a.m. ... 78 28 
5. ор.т. ... 94 35 
j 3t. T 108 |. 48 


An earth has since been made by driving a shaft approximately 
5 ft. square with earth-plates consisting of cast-iron pipes 6 in. diameter 
and 3 ft. long buried radially at the bottom of the shaft. This has 
formed a very good earth, and has the advantage that it enables close 
observation to be kept on the plates. 


DISCUSSION. 


Mr. R. THURY : I should like first to state my views with regard to 
the continuous-current system where the current is constant. The 
series system, as I propose to call it, is a method of transmitting energy 
from one machine to another, and is not a system for distributing 
energy as is usually understood ; and it can in no way be identified 
with the well-known system of single-phase or polyphase current at 
constant pressure. The two systems are entirely different, and each 
possesses special features. They can thus be mutually complementary, 
but the one cannot replace the other. Constant-pressure alternating 
current is certainly the best for general distribution, and the only 
possible system for supplying a large-mesh network, three-phase 
current being particularly suitable. Оп the other hand, continuous 
current on the series system is unsuited for general distribution 
throughout a network, and it cannot be used for this purpose except 
after being transformed into alternating current. This is the system 
adopted at Lyons, at Lausanne, and elsewhere. Continuous current is 
therefore only suitable for the transmission of energy in the true sense. 
It allows energy to be transmitted over very great distances by 
simple, strong, and economical lines, which are not affected by any 
secondary actions due to the laws of induction and capacity ; and it 

* This test indicated that the resistance of the Southall earth was rapidly rising. 


the drop in pressure being at the rate of ro volts in 20 minutes ; at this point the 
earth connection was broken. 
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alone lends itself to very-high-pressure electrical transmission through 
underground cables, laboratory and practical tests having shown 
that modern paper-insulated cables can withstand without any fatigue 
or loss of energy the highest pressures which may be required, say 
from 100 to 300 kilovolts and perhaps even higher. Continuous 
current has thus its raison d'être, since it alone allows overhead lines 
to be absolutely dispensed with, and thereby all the serious dis- 
advantages introduced by their use. But its róle in the case of large 
transmissions is limited to the economic supply of energy to one or 
more centres of use, such as distributing stations, large works, 
pumping stations, mines, etc. The series system can thus render 
good service, but it cannot be used advantageously for small and 
medium size commercial motors, which should really be fed from 
constant-potential networks. Series motors possess special features 
diametrically opposed to those of constant-potential motors. In par- 
ticular, their speed is quite independent of their torque, and vice versa. 
The torque, like the speed, can be adjusted to that desired without 
the use of wasteful rheostats. For this reason the series system has a 
field of special application for which alternating-current motors are 
scarcely suitable, such as winding engines and fans in mines, hauling 
gear, and centrifugal pumps at constant and variable loads. Such a 
pump driven by a series motor can be adjusted for any intermediate 
load or different head without any extra loss of energy, whilst also 
remaining perfectly stable at each load. The series motor is self- 
reversible and can regenerate at all speeds, practically until it comes 
to rest. The use of underground cables for extra-high-pressure con- 
tinuous current (100 kilovolts and above) allows us to transmit energy 
across arms of the sea without using transformers. The single- 
conductor cable can indeed withstand the highest water pressure, 
and manufacturers no longer hesitate in this connection to give the 
fullest guarantees, which they are unwilling to do for multiple- 
conductor cables subjected to an alternating high pressure. The 
sea thus no longer offers any obstacle to large transmissions of 
energy. The tests carried out simultaneously at Lyons by the Société 
Frangaise on the Berthoud-Borel cable, and in England by various 
manufacturers, have shown that the loss of energy by leakage in a 
cable subjected to a very high continuous pressure (up to 300 kilovolts) 
is quite negligible. The tests after the continuous-current network of 
the Metropolitan Electric Supply Company, of London, had been 
installed, were carried out under Mr. Highfield's supervision at a 
pressure of 130,000 to 140,000 volts by means of an electrostatic 
influence machine. This machine only gives an available power of 
about 200 watts, but this is sufficient. however, to maintain the pressure 
on several kilometres of cable, including boxes and switches. Similarly 
at Lyons the cables have been maintained at a constant continuous 
pressure up to 300,000 volts by means of a friction machine which 
cannot supply more than a few hundred watts. Underground cable is 
also used at Lyons where the transmission line from Moutiers (200 


Mr. Thury. 
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kilometres) enters the city, notwithstanding the high pressure (70,000 
to 80,000 volts). No breakdown has been experienced for several 
years on this length of 4'5 kilometres. This proves that the dielectric 
does not suffer any fatigue and that no heating whatever takes place 
when the cable is subjected to a very high continuous pressure, so long 
as the dielectric remains dry and out of contact with the atmosphere. 
This condition is usually the case for all paper-insulated cables by 
reliable manufacturers. The series system thus allows energy to be 
transmitted economically at very high pressure without using overhead 
lines. This is an important advantage where a public supply depends 
on a large transmission, since very much greater reliability is obtain- 
able, and also owing to the much greater economy in inspection and 
upkeep of long overhead lines. 

Notwithstanding all this, the possible applications of the series system 
are much more limited than those of the constant-pressure alternating- 
current system. In fact, the two systems are mutually complementary 
instead of competitive, and still more in the future will they work side 
by side, as is the case to-day in the Moutiers-Lyons transmission and at 
Lausanne. Asregards the disadvantages, it may be brought against the 
series system that it requires more generating scts than the alternating- 
current system ; also that high-tension commutators are necessary, and 
that the loss in the line is independent of the load. As regards the 
number of sets required, this objection does not always hold. For 
example, the Moutiers-Lyons line is fed from three distant works con- 
nected in series. The Moutiers station alone has 5 units, which is 
justified by the fact that for a long time this station had to maintain the 
service, and that a current of 75 amperes was then used. Bozel has 
three 3,000-kw. sets, and La Bridoire four 1,500-kw. sets. The numbers 
have been suitably chosen. and in the case of alternating current the 
same numbers would have been required in order to provide a sufficient 
and economical stand-by. As regards the other objections, the reliability 
is not less with a larger number of sets, for in the case of an accident 
to one set its removal from the supply is less easily noticed. The 
reason for the number of series sets used is the fear lest 5,000 volts per 
commutator should be exceeded, and also the necessity in practice of 
not allowing more than two commutators per shaft. The usual set can 
therefore not develop more than 10,000 volts, and not more than three 
machines can be driven in tandem by one turbine. Each turbine can 
thus give a pressure not exceeding 20,000 volts, and it is consequently 
necessary to install five machines if the pressure has to rise as high as 
100,000 volts. The power is, on the other hand, proportional to the 
current, and this is similarly chosen according to the importance of the 
transmission. The adoption of 150 amperes, for example, leads to the 
use of turbines of 3,000-kw. capacity, and normally allows of 15,000 kw. 
being transmitted. The adoption of 300 amperes allows of 6,000-kw. 
turbines being chosen and of 30,000 kw. being transmitted at тоо 
kilovolts ; and so on for other currents. Notwithstanding the larger 
number of sets which is sometimes necessitated, a station containing 
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series generators is simpler than a threc-phase station. It contains 
neither a switchboard nor high-tension transformer chambers, since the 
full pressure is generated by the dynamos. The resulting economy 
may therefore be considerable. The simplification due to no switch- 
board attendants being required should be noted. The supply is 
entirely controlled by the engineers, and the switching of machines in 
or.out is effected in a few seconds (about то), owing to there being no 
exciting circuit or necessity for synchronizing. This is appreciated 
when sudden loads come on, for in such cases it is very troublesome to 
synchronize an alternator, whereas a series set can be switched in 
without any loss of time. In the case of a transmission scheme that I 
have recently been investigating, I chose units of the same capacity as 
those which had already been proposed for the alternating-current 
scheme, namely, 5,000 kw. at 1,000 amperes. Each commutator has 
thus to deal with 2,500 volts, but the dynamos run exceedingly well and 
much better than dynamos of similar capacity for a lower voltage. 
Attention has been paid for some years past to improving the equip- 
ment for the series system in accordance with the rules and practice in 
high-tension apparatus. The small individual switchboards formerly 
used have been done away with, and a switch immersed in oil and with 
its case earthed now performs the role of a disconnector and of a 
junction box for cables. Mr. Highfield himself has investigated this 
apparatus for his installation, and he has evolved a type with double 
insulation each capable of withstanding an alternating pressure of more 
than 100,000 volts. The supply switch is fixed upon the dynamo itself 
as well as the current or speed regulator, which is of purely mechanical 
construction. Each set is thus employed as if it were driven by an 
ordinary turbine, and does not require any regulating rheostat. It is 
thus that the various details of the series system have been perfected, 
and at the present time after the practical tests which have been 
carried out in France and in England, the system can be seriously con- 
sidered for certain large transmissions of power. This is more 
particularly the case where the transmission line is the main feature 
and should preferably consist of underground cables. It can also be 
used in certain special cases where variable-speed motors are required. 
It should be noted that the series system easily allows the earth to be 
used either as a normal or emergency conductor, a feature of very 
great economic importance. 

Мг. G. CLAUDE : I should like to ask Mr. Thury if the use of series 
distribution with earth return does not give rise to electrolytic troubles. 

Mr. R. THury: I do not think so, and in this connection I may 
mention that on the Moutiers-Lyons system during the seven years 
which the system has been in operation no sign of any deterioration of 
the insulation of the two cables used has been observed, and there has 
never been the slightest hitch on this section of the line. This, how- 
ever, was only to be expected. I do not believe in the possibility of 
electrolysis of the dielectric of modern paper-insulated cables, for 
they do not contain the slightest trace of free moisture. The best proof 
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is that a long length of cable can be tested at high pressure with an 
electrostatic machine. There is consequently neither current nor 
electrolysis, which is all to the credit of the cable manufacturers. If 
the protective sheath of a cable were accidentally pierced, moisture 
would penetrate and a breakdown would eventually take place whatever 
the system adopted. An instance of this, however, has not yet occurred 
in the case of the continuous-current series system. | 
Mr. A. BoissoNNAs : Mr. Highfield has referred in his paper to the use 
that has been made in France of the continuous-current series system 
for the transmission of energy from Moutiers-Bozelto Lyons. I should 
like in this connection to give some explanations, and to mention the 
principal reason why I advised the Société Generale de Force et 
Lumiére to adopt the continuous-current system for their installations 
at Moutiers and Bozel, to which may also be added that at La Bridoire. 
The problem which the Société Generale de Force et Lumiere had to 
solve wasas follows : It was necessary to connect up the energy generated 
by eight independent hydraulic central stations and to distribute it 
throughout a large network, the lines of which converge at Lyons, the 
extreme point of the distribution system. The Société having to guaran- 
tee a first-class public supply at Lyons both for the tramways and for the 
pumps for the water supply of this city, it was essential to take every 
possible precaution that the system should be as reliable as possible. 
On account of the fluctuation of the load throughout the year on the 
various generating stations, it was necessary to link up the latter so as 
to profit by the high water level of some in summer and the large water 
storage of others in winter. If the three-phase system of distribution 
had been adopted it would have been necessary to operate all these 
stations in parallel, with the risk that the main supply might have been 
interrupted or disturbed in the case of a short-circuit or a fault on the 
line. It was with the idea of avoiding this disadvantage that the con- 
tinuous-current series system was adopted. As it has to operate there 
under conditions which had not previously been experienced, for the 
installation was carried out in 1905, emphasis should be laid on the 
special conditions which it had to meet and which brought promi- 
nently to the front the advantages of the continuous-current series 
system. Of the eight hydraulic power stations of the Société five will 
be equipped with three-phase transmission at 45,000 volts, and three 
will be equipped on the continuous-current series system, using a con- 
stant current of 150 amperes and at a pressure which may rise to 
100,000 volts in the case of a 200-km. transmission. Fifteen receiving 
groups have been installed at Lyons, six being placed in the centre of 
the city and supplied through a high-tension underground cable con- 
nected directly to the overhead transmission lines. One of the above 
groups supplies continuous current for the tramways, others three-phase 
current at 10,000 volts 50 periods, and others again can supply either 
continuous current for the tramways or alternating current by means of 
two auxiliary generators. The 45,000-volt three-phase lines converge 
in the sub-station at the receiving end of the continuous-current series 
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system, where the pressure is uniformly lowered to 10,000 volts. The 
transformer groups for converting continuous current on the series 
system into alternating current are individually synchronized with one 
or other of the three-phase transmission lines. They are individually 
controlled, so that depending on the hydraulic power arrangements 
current can be taken from the continuous-current stations to assist the 
three-phase generating stations, or, on the other hand, the surplus power 
at the alternating-current stations can be transformed into series current 
to assist the traction supply. Thecontrol is automatic, thanks to a clever 
automatic device designed by Mr. Thury. In consequence of the above 
arrangement the interruptions which may take place on the general dis- 
tribution networkare localized to those lines supplied from certain alter- 
nating-current generating stations or from certain transformer groups 
without the supply in the rest of the network being affected in any 
way. The above appears to me to be an interesting feature in the 
application of the continuous-current series system, and it is the more 
worthy of attention since experience extending over six years has just 
proved that it works admirably. 

Mr. G. GiRoUssE : I should like to ask Mr. Highfield if use has 
been made in England of an earth return, and if in that case any 
electrolytic effects have been observed. 

Mr. R. THURY: For a year and a half the St. Maurice-Lausanne 
municipal installation has worked with an earth return at the request 
of the Swiss Commission on Earth Returns. It has been verified that 
positive earth plates experience electrolysis, and they ought to be eaten 
away in about three months. Instead of that these plates remained in 
comparatively good condition throughout all the tests owing to the 
formation of a skin of oxide which protects the metal underneath and 
which does this better the thicker it becomes. The electrolysis of gas 
and water pipes has not been proved, and the damage that has occurred 
at certain places in Lausanne is most probably due to stray tramway 
currents. This is explained by the fact that the total current flowing 
through the earth in the case of the constant-current system and 
capable of doing damage is very small (150 amperes), and also to the 
fact that its rapid dispersion in the neighbourhood of the plates con- 
siderably reduces its density. The currents which are shunted through 
the pipes are thus enormously diminished, and only represent a very 
small fraction of the total current. It would be wrong, however, not 
to be on one's guard against electrolysis, and before making use of the 
earth for a power transmission having only one pole insulated, the 
ground should be surveyed and account taken of any metal pipes which 
may be in the neighbourhood ; the transmission line should then be 
placed at such a distance that it is impossible for any harmful difference 
of potential to be set up in the pipes. 

Mr. J. F. C. SNELL: The Thury system is certainly applicable to 
such cases as a long-distance transmission or variable-speed machines. 
Although trouble with cables may be avoided by this system and great 
simplicity arrived at, both as regards the cables and switchgear, the 
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increased number of generators and the insulation of machines intro- 
duce complication in the power station. I have considered this system 
when discussing the transmission of power from the coal-fields to 
London, a distance of about 100 miles. I find that thecost of the line, 
according to Mr. Highfield, would be £10 per kilowatt, representing a 
capital charge of 15s. per kilowatt-year. Assuming а 30 per cent load 
factor, this means a capital charge of o*07d. per kilowatt-hour. Since the 
only object of this special case is the saving of coal, which may amount 
to 7s. per ton, this saving had to be balanced against the cost of the 
transmission line in comparison with the less cost of a power station 
built nearer London. The theoretical saving in the annual cost would 
be o'oogd., but, on the other hand, the cost of wayleaves for the trans- 
mission cables over a route length of тоо miles would more than 
counterbalance this saving. I think, therefore, that the extra complica- 
tion would hardly be justified in this particular case. I should like to 
know if Mr. Highfield would have adopted the Thury system in the 
western area of the Metropolitan Electric Supply Company if he had 
had the same facilities for overhead construction as are permitted on 
the Continent. 

Mr. K. EDGCUMBE : I should like to ask Mr. Highfield a question in 
connection with the running of two lines in parallel with an earth 
return, which I understand to be, in Mr. Highfield's opinion, the most 
satisfactory arrangement. I presume that the chief advantage claimed 
for running in this way is that in the event of one of the lines breaking 
down to earth, the other could temporarily carry the entire load. 
Seeing, however, that Mr. Highfield apparently glories in the fact that 
no automatic cut-outs are employed on the Thury system, it would 
almost appear as though the whole station must be shut down before 
the attendant had time to determine which was the faulty line, and to 
cut it out. I remember that many years ago Mr. Mordey, in the course 
of a discussion on the relative merits of continuous and alternating- 
current working, jokingly put it forward as one of the chief advan- 
tages of alternating current that, with it, no one could by any 
possibility install a battery of accumulators. In much the same way 
Mr. Highfield would seemingly wish us to believe that one of the chief 
advantages of the Thury system is that automatic cut-outs cannot 
possibly be employed. Now it appears to me that unless some arrange- 
ment is provided for automatically cutting off the faulty line, one of thc 
chief advantages, if not the only one, of running with two lines in parallel 
is sacrificed. On the other hand, it would seem to be a comparatively 
easy matter to devise a simple discriminating cut-out for the purpose 
in view. 

Mr. R. THury: There is no such difficulty if the line is sub-divided 
into a number of equipotential conductors, but it is necessary to guard 
against the series circuit being broken; thus, if the arrangement 
adopted prevents all the parallel lines forming the circuit from being 
cut off simultaneously, automatic switches can be provided. It is 
always necessary, however, to prevent the circuit from being entirely 
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broken, if only to prevent the rise of pressure which would occur in 
such a case. To attempt to break a series circuit by means of a link 
is always useless, and to do so would be absurd. 

Mr. F. C. RAPHAEL : I should be glad if Mr. Thury would explain 
how the supply to a single-line system can be maintained if a serious 
earth occurs on the line, as might happen in the case of an underground 
cable. It seems to me that the automatic regulator in the station would 
continue to maintain the current sent to the line at its normal value, no 
matter how large a proportion was leaking at the fault ; and the result 
would be a large drop in pressure at the sub-stations and consumers' 
connections. 

Мг. R. THuRY: We have had little experience of that. At La 
Chaux-de-Fonds the lightning conductors, by making contact with 
the supports of the insulators, introduced a leakage from one pole to 
another. This leak through the earth showed itself at the receiving 
station by a reduction in the current, which decreased from 150 amperes 
to about 120 or rro amperes, whilst the generating station recorded 
a mean current rising to 180 amperes, that is, 30 amperes more than 
normal. The supply was nevertheless maintained untif the linesman, 
having noticed the post with the arcing at its base, was ready to make 
a temporary repair. Naturally the maximum power available from the 
motors was reduced to a certain extent. At Moutiers-Lyons a tree 
blown down during a storm fell across the line, but the supply was 
maintained until the repair was effected. A similar instance occurred 
at Genoa one night, when the supply was maintained throughout a 
thunderstorm, although a number of posts had been blown down and 
the line was lying on the ground. As a matter of fact, it requires a 
serious leakage of current to interfere with the supply. If the leakage 
does not exceed ro or 20 per cent it only requires to be compensated 
for by a corresponding increase in the current supplied by the 
generators in the event of the receiving plant having no spare 
capacity. But in general the line is really either perfect or faulty, 
since, if not causing a “dead short-circuit,” the leakage from a very 
high-pressure line will burn the posts, whether the current is continuous 
or alternating. A warning that a leakage is developing is in most cases, 
however, givén by the readings of the earth voltmeters connected 
between each line and the earth as the common point. In such 
cases the voltmeter needles swing about and frequently one of them 
falls to zero, indicating a scrious earth on one of theilines. The best 
arrangement is thus to avoid all danger by using lines very strongly 
supported and well insulated, or, better still, by using well-protected 
underground cables. 

Mr. R. T. SMITH: I propose to discuss the use of high-tension con- 
tinuous curreat on the series system exclusively from the railway point 
of view, and only to consider the transmission between the generating 
station and the sub-stations, without any reference to the type of 
current distributed from the sub-stations, which may equally well be 
three-phase current, single-phase current, or continuous current—in 
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the last mentioned case either with or without batteries in parallel with 
the distributing side of the motor-generators. The problem of power 
transmission for railway electrification has one very obvious solution in 
the Thury system as presented in Mr. Highfield's paper, because a 
length of line of, say, roo miles, with distribution for railway purposes 
along the same line as the transmission, is an ideal case for series con- 
tinuous-current working. The requisite number of sub-stations must 
be placed close to the transmission line, while the possible size of the 
plant is favourable. Although Mr. Snell mentioned the small sizes of 
the motor-generators for general work, Mr. Thury in his remarks 
said that under certain favourable conditions 5,000-kw. generators 
could be and were being made. Even if these conditions are not 
always to be met with under railway electrification conditions, the sizes 
of motor-generators given by Mr. Highfield, with an output of from 
1,200 to r,300 kw., are just the sizes required to move the heaviest 
mineral and goods trains which are likely to be moved in England. It 
was pointed out yesterday in the discussion on railway clectrification 
that the strength of the draw-gear in the half-million owner's wagons 
in England limited the necessary maximum power of English loco- 
motives to about 1,200 kw., so that each motor-generator could move a 
train. In general there is a strip of land on either side of the tracks of 
every railway line outside urban districts, which strip cannot be wholly 
given up to electrical transinission. It is already used for telegraph 
and telephone wires belonging to the railway, and sometimes for tele- 
graph and telephone wires belonging to the State. In some cases 
railways have granted wayleaves along their property for power trans- 
mission, as in the case of the 12,000-volt transmission between the Paris 
St. Denis power station and Persan-Beaumont. This strip of land may 
at any time be wanted by the railway for widening the line or for build- 
ings, and it is always interfered with either by under-bridges or bv 
over-bridges. The space occupied by a three-phase overheard line 
in duplicate, with six wires at a pressure of 20,000 volts, is from three to 
four metres, and it is surprising how difficult it is to find an available 
space of this width beside the railway track for any considerable 
distance except in the open country. When the electrification of the 
joint line owned by the Great Western and Metropolitan Railways, 
taking trains from the Circle to Hammersmith and Addison-road, was 
being worked out, it was proposed to carry the high-tension transmis- 
sion to the sub-stations overhead. This, of course, is a line on the 
fringe of London, and with the exception of one stretch along a line 
then under construction it was found quite impossible to obtain room 
for overhead three-phase transmission. 

Mr. Highfield shows clearly in his paper that if cables have to be 
laid underground high-tension continuous-current cables for 100 miles 
transmission are much cheaper than three-core three-phase cables for 
the same power delivered along the route. When the transmission is 
wholly of copper it is even cheaper, if in duplicate, than a three-phase 
overhead transmission, also in duplicate, at about corresponding 
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pressures. If in addition the earth can be used as a return in 
place of duplication of the continuous-current cables—that is to say, 
using two cables instead of four—the financial advantage is overwhelm- 
ingly in favour of the continuous-current transmission. Added to this 
financial advantage the continuous-current cables, completely enclosed 
in iron in order to prevent the action on telephone circuits of ripples 
due to the automatic regulation of the voltage, can be laid as telegraph 
cables are often laid, supported about a foot above the ground on 
wooden posts. Under these conditions the space occupied on the 
available strip of ground is measured in inches, everybody can see 
where the cables are laid, and the latter are always accessible. With 
regard to the use of the earth as a return, the connection spoken of by 
Mr. Highfield at the Southall sub-station is immediately beside the 
Great Western Railway, and, if one may speak of an earth-current, this 
current in going from Southall to Willesden passes under the Great 
Western Railway for a considerable distance. During the whole of the 
experiments spoken of in the paper there has been no interference 
whatever with earthed telegraph or telephone circuits or with track- 
circuiting. I can speak from personal observation of the absolute sim. 
plicity of the switching arrangements both at the generating station 
and at sub-stations, and of the safe and reliable automatic regulation 
of the sub-station motor-generators. The sub-station at Southall stands 
in allotment gardens, and it is quite clear from the condition of these 
gardens that the men must spend as much time in them as they do in 
the sub-station. 

Mr. B. M. JENKIN: The uniform size of the cable in a constant- 
current system is of great advantage, as it enables the work to be 
extended satisfactorily. In railway work, where the sub-stations are 
mostly at considerable distances along the line, it is difficult to arrange 
three-phase cables so that they are suitable both for the early stages of 
the work and for the extensions. Again, for the same size of cable 
considerably more power can be transmitted by constant-current, 
taking the figures given by Mr. Highfield, than by three-phase current. 
'This is of importance in view of the difficulty so often experienced 
in finding room for the cables required to take the power from the 
large generating stations which are now becoming common. The 
simplicity and the small amount of switchgear required by the con- 
stant-current system seems a great advance on the more and more 
elaborate switchgear required for large three-phase stations. Once the 
maximum pressure has been decided upon for the constant-current 
system, all switchgear is made for that pressure, and remains suitable 
for use however much the system may be extended. The switches are 
never required to interrupt the supply, and their satisfactory operation 
in no way depends on the total power of the generating station or 
stations. In parallel systems, such as the three-phase, the contrary is 
the case, and the switches installed at the first may become quite 
insufficient to protect the plant or: circuits when the power connected 
has been increased. ‘With the large units now being built the design 
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of switchgear is a very serious difficulty. As practically all electrical 
undertakings, if successful, are certain to extend, the uniformity of 
cable and the simplicity and permanent suitability of switchgear are 
very real points in favour of the constant-current system. 

Mr. J. DELON: Mr. Highfield took 25,000 volts as the maximum 
alternating pressure permissible for underground cables. I may say 
that in France we have underground cables working at 45,000 volts 
three-phase on the network of the Compagnie Electrique de la Grosne 
at Cahlon-sur-Saóne. In the case of continuous-current transmission 
the pressure can be raised as high as 150,000 volts when underground 
cables are used. 

Mr. J. S. HIGHFIELD (їп reply): No difficulty has been experienced 
with the cables due to any possible action of the continuous current. 
So long as water is kept away from the insulation and the core of the 
cable there is no reason why any action should take place due to con- 
tinuous current, even at the high pressures employed. The experiments 
described in the appendix to my paper show the work that was done to 
investigate any possible difficulties with telephones and telegraphs when 
the earth was used as the return conductor. Not only have the Post 
Office been fully satisfied that no difficulty is caused, but very delicate 
track signals used on the Great Western Railway, the lines of which 
run partly parallel to and partly across the line of cable, as Mr. Roger 
Smith has explained, have suffered no kind of interference. The earth 
has been used as the return conductor in the western area continuously 
for four months or more. "There is a certain amount of eating away 
of the earth-plates, but these being substantial iron plates have a 
long life. 

In regard to the question. raised by Mr. Snell as to the complexity 
of the power station, there is no additional complexity when water 
turbines, running at a suitable speed, are used to drive the generators. 
On the contrary, the power station plant and gear are more simple than 
in a three-phase station. No static transformers are required ; the 
switchgear is exceedingly simple as the diagrams show, and the only 
additional gear required are the insulating couplings, which are of 
a simple mechanical construction. With reference to the size of the 
generators, I have set the maximum size at 1,200 to 1,500 kw., because 
I assumed that in all cases very high pressures would be used, say 
100,000 volts, as the cost of the extra insulation is comparatively small. 
Consequently, a 300-ampere line current would be the maximum likely 
to be used in the early future, giving a line capacity of 30,000 kw. If, 
however, a larger plant be required, the line current can readily be 
increased even up to 1,000 amperes. In this case, single generators of 
4,000- or 5,000-kw. capacity could be constructed, and by using a group 
of two or more generators coupled to each prime mover, plant units of 
very large size can be used. I am aware that cables for three-phase 
current can be built for higher pressures than the figure of 20,000 volts 
given in my paper ; in fact, the Société Francaise des Cables Elec- 
triques haye kindly provided me with a sample of three-phase cable, 


1913.) TINUOUS CURRENT ON SERIES SYSTEM : DISCUSSION. 677 


which has been shown at this meeting, capable of working with a 
pressure of 40,000 volts. I dare say the pressure could be raised to 
50,000 volts. Such a pressure would be warranted only for a long linc 
dealing with a heavy load, as the cost of cables for this pressure is very 
great. With a long length of cable working at this pressure, even at 
25 cycles per second, the charging current would in many cases be 
so great as to make a lower pressure desirable. I am inclined to think 
that for this reason it will be found that a pressure of 25,000 volts will 
be sufficiently high for any normal scheme, although in special cases 
higher pressures may be used. 

In regard to Mr. Edgcumbe's comments, I rejoice not that automatic 
devices cannot be used, but that they are not required on so large 
a scale as in parallel working. There is no more important matter 
in engineering design than the attainment of the utmost strength and 
simplicity in the plant, and the series system lends itself extremely well 
to this most important condition. For a comparatively small main the 
best solution to my mind is the use of two single-core insulated cables. 
The line losses are greater than if the same two cables are used in 
parallel, with an earth return, but, on the other hand, the use of auto- 
matic devices is avoided, and an accident to one of the cables causes no 
disturbance to the supply. Another arrangement is to use two cables 
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in parallel, with an earth return. For this method, in the event of one © 


cable being damaged, the supply will be interfered with unless that 
cable be cut out, and I have designed automatic devices for the purpose 
of removing from the circuit the damaged cable and leaving the effective 
cable in commission. Where it is not desired to use the earth return 
two cables can be used in parallel on each line, making four in all, in 
which case the same type of cut-out would be used. 

I have had only one case of accident to the line due to road-menders 
driving a spike through the pipe and the cable. No disturbance was 
caused to the supply, and the voltmeters at each end of the line showed 
that the cable had been put to earth ; one voltmeter read very nearly 
zero, and the other indicated a little less pressure than the total loss in 
the cable, showing that the fault had occurred at some point close to 
the sub-station. This turned out to be the case and the repair was made 
without any difficulty, the supply being carried through the good line 
and earth in the interval. By the use of very accurate voltmeters the 
position of a fault of this description can be determined with great 
accuracy. 

Mr. Roger Smith's views regarding the use of the system for railway 
supply are valuable. I have no doubt that there are many cases where 
the series system would prove for railway supply the least expensive in 
first cost and the most simple and least expensive in working. The 
simplification of the cable system owing to the fact that a small cable 
with very high pressures can be used, and, consequently, that each cable 
can carry a very large output, as Mr. Jenkin points out, is of the utmost 
importance. Also the fact that the pressure used in the series system 
will allow us to deal with a supply to any distance that is likely to be 
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required, is a great advantage where the limit of the area of supply 
cannot be predicted in advance. 

In conclusion, I should like to thank the various speakers for their 
kind interest in my paper, and for the considerable additions they have 
made to its value, and particularly Mr. Thurv, who, by dealing so fully 
with the points raised by many speakers, has got me out of many of the 
difficulties I should have experienced owing to my very slight know- 
ledge of the French language. 
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ELECTRIC TRANSMISSION OF ENERGY BY 
ALTERNATING CURRENTS AT VERY HIGH 
PRESSURES. 


By MAURICE LEBLANC. 


(Paper read in Paris at a Soint Meeting of THE INSTITUTION with the Société 
Internationale des Electriciens, 21st-24th May, 1913.) 


A by no means enviable privilege—that of age, for henceforth I 
shall always be included among old electrical engineers—has resulted 
in my being selected to read a paper on the subject of the transmission of 
energy by means of three-phase currents. Mr. André Blondel is much 
better qualified for this task, as he has recently been investigating the 
transmission of power from the Rhone to Paris—probably the largest 
scheme of this kind which can be undertaken in Europe. The state of 
his health, however, has prevented him from joining us, but I think 
that I am speaking for everybody in sending him a token of our 
sympathetic admiration, our wishes for a speedy recovery, and our 
hopes for the success of his magnificent scheme. 

Because I am an old electrician, however, I have witnessed the 
progressive development of the electrical transmission of cnergy, 
which is perhaps the most powerful means that has so far been found 
by mankind for bringing Nature into subjection. I hope to be the 
gainer by recounting some memories of my youth and by mentioning 
some facts and names which at the present day are perhaps rather 
overlooked. 

At the Vienna Exhibition of 1873, the Gramme Company, wishing 
to show the reversibility of its machines and no battery being available, 
conceived the idea of using the current furnished by one of its genera- 
tors for driving a motor. I believe that this was the first application of 
the electrical transmission of energy. In 1878 Chrétien, with the 
co-operation of the Gramme Company, carried out the first practical 
application of this new method of transmission to ploughing a field at 
Sermaize. Much attention was paid to this event at the time, but it 
only seemed to offer a means of transmitting energy to a short distance, 
say for replacing the belting in workshops, and perhaps tcledynamic 
transmissions. 

Dr. Cornelius Herz realized the great future of the electrical trans- 
mission of energy and gathered round him men who appeared best 
capable of developing the new system, foremost among them being 
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Marcel Deprez and Gustave Cabanellas. Deprez soon showed that 
transmission over a long distance necessitated the use of currents at 
high pressure, and, to emphasize this, announced that the efficiency was 
independent of the distance. He studied more particularly the method 
of distribution by continuous currents at constant pressure, and devised 
the compound winding of field magnets. This was about the year 
1880. Meanwhile Cabanellas proposed to use as a means of transmission 
a constant continuous current generated by machines coupled in series. 
He invented his rotary transformer consisting of two dynamos, one of 
which was inserted in the high-tension distribution network, and the 
other, driven by the first, supplied constant currents of the desired 
pressure. Cabanellas was a deep thinker ; unfortunately, however, he 
was little understood by his contemporaries owing to his metaphorical 
and recondite language. Thus in one of his communications reference 
was made to an organe vigilant, and it took me a long time before I 
understood that he was simply referring to an ammeter. Nevertheless 
we owe much to him. Не was one of the first to have a clear idea of 
magnetic flux ; and it was he who introduced the word entrefer (air-gap) 
and drew attention to its importance in the construction of machines. 

The Congress at the Paris Exhibition of 1881 decided upon a 
universal adoption of the C.G.S. system of units, for which we arc 
indebted to English scientists. At this Congress, Deprez made a 
remarkable contribution on the subject of the electrical transmission of 
energy ; and from that time he was able to put his ideas into practice 
and make high-pressure machines. The first two were 5 or 6 kw. 
machines of the Gramme pattern rewound for 2,400 volts, by a true 
artist, Béneteau,* and these were publicly run for the first time in 1883 
in the building in which we are now assembled.] They were after- 
wards on view at the Munich Exhibition, where for some time they 
were used to transmit the power obtained from a waterfall distant about 
80 km. from Munich. 

These machines were valuable only as proving a principle. Others, 
such as the type MD 1o—a machine constructed by Deprez with two 
rings and field coils without any yoke—were used for a new experiment 
by the Nord Railway, under the direction of Cornu. The generating 
and receiving machines had for greater convenience been arranged 
side by side, and were connected by a circuit in the form of a ring, 
8 km. in length. An objection was raised that leakage would merely 
assist the transmission, when as a matter of fact he was only demon- 
strating the possibility of transmitting currents at high pressure along 
overhead lines. This is why Deprez repeated this experiment at 
Grenoble, using the same machines and arranging them this time atthe 
two extremities of the transmission line. Theresults obtained appeared 


* At this period (1880-90) the practical details of high-pressure working were being 
evolved, and Beneteau took a considerable part in this. Timidity and excessive 
modesty unfortunately prevented him from showing and making the best use of his 
true skill, but he lent his assistance to various inventors, who all held him in the 
highest esteem and enjoyed his friendship. 

t The large amphitheatre of the Conservatoire des Arts et Métiers. 
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conclusive, and the Rothschilds gave him their support to carry out an 
experiment, quite conclusive this time, which consisted in transmitting 
100 h.p. by means of continuous current, at a pressure of 10,000 volts, 
from Creil to Paris, a distance of about 53 km. This experiment was 
successful in 1887. Henceforth the subject was no longer a laboratory 
question but had become a commercial proposition. Shortly afterwards 
Deprez laid down the first installation at Bourganeuf for the trans- 
mission of energy over a distance of 14 km.; then another of about 
1,000 kw. between Saint-Ouen and Paris, which remained in operation 
until 1900. At the same time Hillairet laid down a very remarkable 
installation at Domene. 

Two great Englishmen, or rather two great men, Maxwell and 
Kelvin, had solved most of the problems with which practical men 
would have to deal. Their ideas were at all times expressed in purely 
mathematical language, and it was necessary for someone to interpret 
their results so that these could be available for all. This was done 
by another Englishman, Hopkinson. He brought the study of the 
dynamo from its empirical state and popularized the conceptions of 
magnetic force and permeability. Moreover, he was the first to 
explain to practical men how a dynamo should be designed. 

The discovery of alternators had long preceded that of the Gramme 
machine, and about 1860 the lighthouses at La Неус were supplicd 
with electric light by means of Alliance machines having permanent 
magnets. Gramme also made use of alternators with continuous- 
current excitation for supplying current to Jablochkoff candles, the 
introduction of which had called general attention to electricity and 
had given rise to its first really practical applications. But Gramme 
alternators were for polyphase currents, and it appears to me that 
they were constructed in this way only to make better use of the 
armature surface. 

After the 1881 Exhibition continuous currents appeared to have 
ousted alternating currents. Their theory was very simple, whilst 
that of alternating currents was most obscure. It was only during 
the course of this Exhibition that Joubert carried out his memorable 
experiments on alternators and laid down the laws with regard to the 
flow of alternating currents. He showed the influence of self-induc- 
tion and capacity and introduced the idea of the apparent resistance 
of a circuit, which has since been called impedance. Не delayed the 
book which he published with Mascart in order that these new ideas 
might permeate into the industrial world. | 

It is difficult nowadays to realize the ignorance of practical men 
at that time. This little anecdote will give some idea of it. The 
Avenue de l'Opéra in Paris was lighted by Jablochkoff candles, but 
there were at least four generating stations arranged in cellars along 
the Avenue, and the total cost of the scheme was absurdly high. At 
the time for the renewal of the lighting contract with the city the 
contractors said that they could only reasonably carry it out by 
replacing all these stations by a single station. In order to see if this 
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were possible they carried out a workshop test on cables of the 
desired length wound on bobbins. They did not see the importance 
of unwinding the cable, and as the current would not pass they 
concluded that alternating current could only be used for very short 
circuits, and therefore they did not renew their contract. This shows 
the immense service which Joubert rendered to alternating-current 
supply. 

Nevertheless, alternating currents only slowly came back into 
fashion. Deprez, to whom credit should, however, be given for the 
first idea of a transformer and the use of double transformation, as 
well as that of the transmission of energy by means of polyphase 
currents, always preferred continuous current, and did not despair 
of using the highest pressures with a commutator. Whilst he was 
enginecr with Carpentier in 1880 he told me he would be able 
to transmit energy over all distances by means of two Ruhmkorff 
induction coils, one serving to raise the pressure of an alternating 
current, the second to lower it; but he did not consider that the 
efficiency of the system would be greater than 30 per cent. He lacked 
the initiative and doggedness of Gaulard for emphasizing the incom- 
parable simplicity and the high efficiency of the alternating-current 
transformer. Scarcely anything except Gramme alternators, however, 
was used in France, and these were constructed for Jablochkoff 
candles, and their armature reaction was such that they constituted 
in practice constant.current machines. Gaulard accordingly manu- 
factured constant-current transformers the primaries of which were 
connected in series. Zipernowski, Déry, and Blathy afterwards made 
constant-pressure transformers and connected the primary circuits in 
parallel, thus exhibiting the self-regulating feature of a transformer. 
From this time the whole attention of electrical engineers was con- 
centrated on alternating currents, and a general endeavour was made 
to obtain an alternating-current motor. Опе day Deprez brought 
to the Est Railway Company, where I was in 1880, a signal-trans- 
mitting apparatus in which a polarized needle was actuated by a 
rotating field produced by two magnets placed at right angles 
and excited by two-phase alternating currents obtained from a 
commutator. 

In 1887, when I was studying apparatus for working sluice-gates 
and proposing to operate them electrically, Cabanellas said to me, 
* Get rid of the commutators. Take two Gramme machines, connect 
their corresponding secondary circuits in pairs, and make their field 
magnets rotate." 

He also recommended me to make a polyphase synchronous motor, 
and it was Ferraris who appears to have first conceived the idea of 
the asynchronous motor; but it is to Nikola Tesla that is due the 
credit of first putting the idea to practical use, and conceiving the real 
method of transmitting clectrical energy by alternating currents by 
associating the polyphase alternator with the asynchronous motor. 
The use of this system developed rapidly, and the memorable experi- 
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ment at the Frankfort Exhibition in 1891, where electrical energy was 
successfully transmitted between Lauffen and that town by means of 
a homopolar three-phase alternator made by Brown and an asyn- 
chronous motor constructed by Dolivo Dobrowolski, demonstrated the 
future of the new system. 

The use of alternating currents, however, still provided several 
surprises. With considerable daring Mr. S. Z. de Ferranti erected a 
central station'at Deptford for supplying one district of London with 
electric light ; from this station the energy was transmitted by single- 
phase alternating current at a pressure of 10,000 volts. Everything 
was new in this installation: the alternators had armatures without 
iron and with very weak reaction and were of an unheard-of size, whilst 
the current was conveyed through paper-insulated concentric cables. 
It was then found, to everybody's amazement, that when the network 
was lightly loaded the pressure at London was greater than that at 
the Deptford generating station. This phenomenon has since been’ 
called the “ Ferranti effect." It was the first well-authenticated 
instance of arise in pressure, and it was necessary once more to have 
recourse to the mathematicians to discover the cause. 

At the same moment two distinguished scientists. Heaviside in 
England and Vaschy in France, found the solution of the “ telegraph 
equation" where the pressure at the sending end is a periodic function 
of the timc and where the line is homogeneous, the self-induction and 
the capacity being uniformly distributed. At the same time Blondel's 
oscillograph showed us the true nature of the phenomena. Hence- 
forth we had at our disposal the necessary theory and testing apparatus 
for ascertaining and remedying the cause of the rise in pressure which 
occurs in the case of long lines, especially where such lines have 
appreciable capacity. 

The advocates of continuous current, however, continued to make 
headway, and Thury, taking up again the idea of Cabanellas, suggested 
the use of a constant continuous current generated and supplied to 
machines connected in series in a ring circuit, or even using the earth 
as a conductor. Towards the end of 1902 it was generally thought 
that a constant continuous current at a very high pressure would be 
utilized for all important transmissions of energy, and that rotating 
transformers would supply at the other end of the line three-phase 
currents of constant and moderate pressure for distributing the 
energy. These conditions were actually realized by Thury in the 
transmission from Saint-Maurice to Lausanne. 

What appeared to limit the amount of power that could be trans- 
mitted by large high.tension alternating currents was the difficulty 
of breaking them. For that purpose air-break switches of very large 
size were employed, but the resulting arc was extinguished with 
difficulty and behaved as a singing arc, being capable of producing 
very dangerous rises in pressurc owing to the resonance set up. 

The rapid-break oil switch was then invented, and [ believe that 
credit is duc to Steinmetz for spreading its use. Atleast it was in his 
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laboratory that I saw the first large switch of this kind in 1902, and it 
was he who pointed out all its features. These switches have the 
advantage of breaking the current at the moment when it is passing 
through its zero value. At that moment all the energy stored up in the 
line is in the form of an electrostatic charge, and does not tend to 
dissipate with explosive violence. If the line was insulated at one 
of its ends, whilst it was cut off from the supply at the other end, and 
if its insulation were perfect, it would retain its charge indefinitely. 

These oil switches also allow very large currents to be broken 
without producing too violent electrical oscillations, and therefore 
without setting up dangerous pressure-rises. Atthe present time, it 
is possible to break a three-phase circuit at 12,000 or at 150,000 volts 
whilst it is transmitting 20,000 kw. The use of these oil switches has 
enabled us to transmit large amounts of power over very long distances, 
and I propose now to confine my paper to this subject. 

In recalling some personal recollections 1 have mentioned some 
names for the most part belonging to the generation before mine ; but, 
if I had wished to makethis an historic account, it would actually have 
become a list of the names of scientists and engineers of all nation- 
alities. I therefore beg to be excused from doing this, because I fear 
that I should forget some of the more important names. Moreover, 
the development of so important an industrial system as the trans- 
mission of clectrical energy can only be the work of a number of 
engineers. Pioneers opened up the ground, but a whole army of 
workers has followed them, and it is thanks to this co-operation and 
to the immediate dissemination of the results by the scicnfific Press, 
which allows cach one of us to profit by the experience of the others, 
that progress has been able to take place so rapidly. : 

The amount of power that can be transmitted has been increasing 
steadily, and at the present time there are many central stations of a 
capacity of 100,000 kw. At the same time the pressure employed has 
also increased, especially in America, where a pressure of 150,000 volts 
is now used on the lines of the Pacific Light and Power Corporation, 
the length of the lines being 275 miles, or say 442 km. 

I now propose to consider the main features of modern instal- 
lations, and I shall pay attention more particularly to transmission 
lines and their protection in the case of pressures above 100,000 volts. 


ALTERNATORS. 


Energy can only be economically transmitted over long distances 
if a large amount of power is in question. There are, indced, certain 
items in the first cost of the installation which are proportional to the 
length of the line and independent of the amount of power trans- 
mitted, such as the number of towers and insulators, protective 
apparatus, etc. Pressures of 100,000 volts and above are indeed only 
essential where at least 100,000 kw. has to be transmitted. 

Again, the size of the conductors employed cannot be reduced 
below a certain limit as the voltage increases, since the electric force 
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tending to ionize the air increases, other conditions remaining the same, 
as the diameter of the conductor diminishes. But it may be desirable 
to use very high pressures for other rcasons than the economy of 
metal, as we shall see later. 

Larger generators ought naturally to be used the greater the amount 
of energy that has to be transmitted. This is why the Pacific Light 
and Power Corporation, who were the first to adopt a pressure of 
150,000 volts, used 17,500-kw. generators driven by hydraulic turbines. 
This size has already been exceeded, and 20,000-kw. generators have 
been made ; but this is only possible when the alternators are driven 
by hydraulic turbines if the head of water is at least 60 metres. With 
steam turbines, however, there is no limit to the size of the sets. The 
larger thei size of the alternator, the higher the pressure that can be 
generated direct. 

It is advisable, however, to use a very high pressure in order to 
cconomize in the amount of copper in the conductors and to facilitate 
the breaking of the current. For a given power, the breaking of the 
current is easier the smaller its amount. 

However, a pressure of 12,000 volts is rarely exceeded, and it 
appears desirable in using such a pressure to employ tubes of micanite 
to insulate the conductors from the frame. The Creusot works 
intended to use as high a pressure as 26,000 volts for the Isère alter- 
nators. I do not know, however, if the results have bcen satisfactory. 

Micanite, which is essentially heterogeneous in structure, has a very 
high dielectric hysteresis coefficient. Asthese insulating tubes become 
hotter they are able to withstand a higher pressure and a higher 
frequency ; this, however, diminishes their electrostatic strength. 

A new insulating material has recently been employed, namely, 
cellulose acetate, soluble in acetone, a kind of non-nitrated cellu- 
lose. This is a first-rate insulator, and provides a non-inflammable 
covering and a perfectly homogeneous dielectric. The Allgemeine 
Electricitats Gesellschaft have already utilized this dielectric for cover- 
ing conductors, and the space factor is much better than with cotton 
covering. When made into tubes and used instead of micanite it is 
probable that a higher pressure can be directly generated by an 
alternator. 

It is obvious that alternators are never made to generate the full 
pressure necessary for a long transmission, and the current generated 
has to be transformed before being fed into the lines. The general 
practice is to split up the central station into two quite distinct works 
one containing the low-tension generators and the other for raising the 
pressure. 

Often in the case of hydraulic installations the generating station 
may be at a considerable distance from the transformer station in order 
that the latter may not be exposed to water spray. There is no special 
difficulty in making large alternators when these are coupled to 
hydraulic turbines, the tangential speed of which rarely attains 20 metres 
per second. This is, however, no longer the case when they are driven 
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by steam turbines, of which the tangential speed lies between 120 and 
200 metres per second, which implies the use of high angular velocities. 
Asit isundesirable to utilize gearing, it is necessary to drive the alternator 
at the same speed as the turbine. "Various difficulties then arise :— 

Difficulties due to the Increased Tendency of the Allernator to become 
heated.—The reason of this is as follows: The turbine manufacturers 
wish to give the highest possible angular speed to their machines, butit 
is limited by the frequency of the current required, which has always 
to lie between 15 and бо periods per second. Electrical engineers, 
however, prefer machines of small angular velocity so that they can 
adopt a design with a large number of poles ; generally, however, the 
number has to be reduced to four. 

It is impossible to increase to any considerable extent the length of 
the alternator owing to the necessity of maintaining the rigidity of its 
shaft. It is therefore necessary to increase its diameter and give the 
rotor a tangential speed up to roo metres per second. Under these 
conditions the polar arcs become very long and the thickness of the 
iron laminations of the armature increases proportionally. As a matter 
of fact the amount of iron in the armature of an alternator of given 
capacity and frequency is very nearly independent of the tangential 
speed ; this also applies to hysteresis losses, but the laminations, on the 
other hand, are morc compact the greater the tangential speed, and the 
cooling of the iron is rendered more difficult. It is therefore necessary 
to use numerous ventilating ducts in the stators of alternators coupled 
to steam turbines and to provide a rapid circulation of air. 

It is essential to employ fresh air, and it is very bad practice to use 
and then to expel the air in the engine-room, since the atmosphere 
would rapidly become heated and the temperature insupportable for 
the staff ; moreover, this cannot be disregarded as regards its effect on 
thc alternator if it exceeds 20 or 25 degrees. "The air which has passed 
through the machines should be discharged outside the building and 
be replaced in the engine-room by fresh air from outside. It is much 
easier if all the alternators have an exterior flue placed over each 
machine. | 

Difficulties of a Mechanical Nature.—Owing to the large centrifugal 
force developed, trouble is experienced with the fastening of the field 
coils and also in the tendency of the insulation to become compressed. 
These difficulties could easily be avoided if old ideas were only dis- 
regarded. Why, when a four-pole alternator has to be made, is not a 
homopolar machine used with a central fixed coil ? 

Fitteen years ago the general custom was to use very large alterna- 
tors with a large number of poles. It was obviously impossible to 
design them with certainty owing to the large amount of magnetic 
leakage ; and in order to avoid the saturation to which they gave rise 
it was necessary to make the frame thicker, resulting in a heavy 
machine. Finally it was recognized that thistype of machine was only 
suitable for alternators of small diameter, and so it was abandoned. 

A turbo-alternator, however, always has a small diameter. If it has 
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four poles and generates current at 50 periods and also has a peri- 
pheral speed of 100 metres per second, the diameter of the rotor can 
only be 1'272 metres. A very good homopolar alternator can be made 
under those conditions, and the only moving masses it would contain 
would be homogeneous ones of steel, quite rigid, and easy to balance 
once for all. 

In the same way it would be possible to use induction machines as 
generators, and by coupling two in cascade their rotors could be 
arranged almost as simply and compactly as in the case of squirrel-cage 
rotors. One of the stators would be connected to the supply network, 
and if the other were connected to a phase advancer the machine would 
be able to generate wattless currents as well as useful currents. 
The Oerlikon Company recently adopted this arrangement, and the 
first installation was made at Binnen Canal. This has given every 
satisfaction. 

If my information is correct, the details are as follows: Two 
hydraulic stations of minor importance are connected to each large 
central station. ‘These secondary stations are equipped with turbines 
having a constant gate opening and coupled to induction generators 
with simple squirrel-cage windings. These generators feed into the 
supply network and are left to themselves without supervision, the main 
station supplying the wattless current for the excitation of these 
machines. ‘The power factor is thereby reduced, but this disadvantage 
is compensated for by the fact that no attention is necessary in the 
auxiliary stations, which can be left to themselves. 

Shorl-Circuits with Turbo-alternators.—'The most serious trouble in 
modern central stations containing alternators running at high speeds 
and supplying extra-high-tension networks has arisen from disturbances 
set up by short-circuits on the supply network. Оп such occasions the 
armature windings are the seat of extremely powerful mechanical 
forces. which distort the windings and render the machines uscless. 
At the same time the shaft of the alternator is liable to be fractured. 

The cause of this phenomenon was investigated more particularly 
by Messrs. Punga and Boucherot. It was found to lie in the liability to 
short-circuits on the high-tension network and in the low value of the 
time constant of the field and armature circuits, while the energy stored 
in the armatures of high-speed machines with a small number of poles 
having a magnetic circuit of large cross-section is at least as large as 
in the case of low-speed alternators of the same output and with a 
large number of poles, whether these are solid or are provided with 
amortisseurs. 

If the armature circuits happen to be closed upon themselves the 
reaction can only annul the field when all the energy has been dissi- 
pated ; for it is a question of using high-speed machines, which should 
operate with the same conditions as regards magnetic saturation as low- 
speed machines in order to ensure a steady pressure. The amount of 
copper in the rotors is therefore much smaller than in the case of low- 
speed machines giving the same output. On the other hand these 
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alternators arc built up of a small number of large parts where the 
width of air-gap is very small with respect to the polar arc, and the 
sum of the losses of the armature and field magnet scarcely amounts to 
one-tenth of the useful flux, whereas in the case of ordinary alternators 
it is practically equal to one-half. It is for this reason that the circuits 
of these machines have a very small time constant and the energy 
rendered available is there dissipated in an extremely short time, pro- 
ducing currents of very high frequency. Boucherot has shown that 
the current can momentarily rise to 20 times its normal value in the 
armature circuits, and to 20-30 times in the field circuits. 

From Maxwell’s law it follows that a circuit through which a current 
is passing tends to distort itself so as to embrace the largest possible 
flux, thus accounting for the extremely powerful effects. 

In order to avoid any deformation of the armature windings it is 
naturally desirable to make their exterior of that form which they tend 
to take under the influence of short-circuits. "This increases their mag- 
netic leakage and consequently their time constants. But this is not 
sufficient ; it is still necessary either to provide some magnetic leakage 
in the armature and the field, as Boucherot has suggested, or else to 
place large reactance coils resembling choking coils in series with the 
various circuits. 

This is an easy means of increasing the time constants of the various 
circuits and of limiting sufficiently the variations of the field flux, so 
that serious accidents due to short-circuits may be avoided. The 
self-regulation of the machines is diminished, but it is easy to remedy 
this by employing Tirrill or Thury regulators, or, better still, by 
employing synchronous or asynchronous alternators compounded so as 
to give constant pressure. 

Ferranti Effect.—The “Ferranti effect" is particularly to be feared 
in the case of the transmission of energy over long distances, and in 
order to avoid it it is necessary to make the electromotive-force curve 
of the alternators absolutely sinusoidal. The coils mounted on adjacent 
poles must be made absolutely identical in order to prevent the produc- 
tion of harmonics of even frequency. 

When an alternator has a large number of poles the harmonics due 
to the rotor teeth can be suppressed by providing three extra slots in 
the stator laminations and by placing the winding, as is the usual 
custom, in the other slots. This is no longer possible, however, in 
the case of alternators having two or four poles; and in the latter case 
it is useful to round off the edges of the polar shoes, or preferably the 
grooves in the stator. 

It is also possible to provide dampers for suppressing these. har- 
monics, such as a squirrel-cage winding composed of very high resist- 
ance rods arranged on the field in the immediate vicinity of the air-gap. 
If currents due to the harmonics flow through the machine they pro- 
duce a field rotating at a high speed with reference to the field coils. 
There is thus a consumption of energy in the dampers. "The effective 
resistance which the branch circuits of the alternator offer to the flow 
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of these harmonic currents is increased, but not that which they offer 
to the flow of the normal currents. ‘The presence of harmonic dampers 
tends also to reduce the variations of flux in the alternator during 
short-circuits ; they also increase the time constants of the various 
circuits. 

It is impossible to fix high-conductivity amortisseurs to ensure steady 
conditions at synchronism at the same time and upon the same polar 
faces as the harmonic dampers; but if a machine has four poles, two 
neighbouring poles can be fitted with amortisseurs and the other two 
with dampers. 

In the case of all three-phase alternators it is unnecessary to consider 
harmonics which are a multiple of three. If the alternator circuits are 
connected in delta the triple harmonic currents will be in phase with 
the main currents, and they will then be closed upon themselves and will 
not produce any potential difference between the alternator terminals. 
If thealternator windings, however, are connected in star, the harmonic 
electromotive forces of triple frequency will be in opposition at the 
neutral point. If the neutral point is insulated no current will flow 
due to these electromotive forces. If, however, the neutral point is 
earthed, the three harmonic currents which are supplied to the circuit 
will be of the same phase and will only affect the capacity of the line 
with reference to the earth, and not that of each conductor with 
reference to the two others forming the return circuit. Under these 
conditions they cannot give rise to any resonance. 


TRANSFORMERS. 


High-tension transformers are relatively very large in comparison 
with their output owing to the fact that the tubes which insulate the 
circuits from the body of the transformer and from one another have 
to be of considerable height in order that sparking may not take place 
between their ends. Such transformers are always immersed in a bath 
of oil, which can be cooled by circulating water through a coil of pipes. 
But in the case of transformers for use in the open air, us is now 
becoming common practice, it is advisable not to make use of water 
cooling. The outer case which forms the oil bath for the transformer 
is hermetically sealed and is made with a large number of ribs, thus 
forming a radiator. The thermo-syphon action produced sets up a 
very rapid circulation of the oil, and the latter is cooled by coming in 
contact with the outer casing. 


OiL SWITCHES. 


Oil switches deserve special attention. Without them, indeed, 
three-phase currents could not have been utilized for large trans- 
missions of energy. Whenashort-circuit has to be broken, the switches 
of an alternator have to deal with many thousand amperes per phase. 
They are usually constructed to break normally 2,000 amperes at 
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13,000 volts, and they can be operated either by hand or automatically. 
They have to withstand large overloads in the case of a short-circuit, 
and will do so quite safely if the short-circuit is limited by the choking 
coils mentioned above. 

The break always takes place between two points situated in the 
top part of the chamber, where the oil usually remains clear, the 
particles which are carbonized during the operation of the switches 
falling to the bottom. Two movable contacts placed :in the lower 
part of a vertical vessel, after being cut off from the fixed contacts, are 
plunged rapidly into the body of oil. They are generally provided 
with a hole which produces a jet of cold oil close to where the arc 
is being formed. The motion of these movable contacts increases 
with the voltage and becomes very considerable at high pressures, as 
is shown in the following table, which refers to Westinghouse 
apparatus :— 


| 
Range of Movement in 


Pressure in Volts. | Millimetres. 


44,000 | 535 

| 66,000 | 750 
88,000 | 910 

110,000 | I,070 


—— ——— v = * 


The action should take place as quickly as possible, especially at 
the commencement. For this rcason the movable contact is actuated 
by a very powerful spring, compressed in the first case by an electric 
motor, and has merely to be released at the desired instant. Fortu- 
nately the amount of current to be broken when the pressure is very 
high is relatively small, and the gear to be moved is light. Neverthe- 


MT Current 
FIG. I. 


less it is impossible for the movement to be so rapid that the current is 
broken the first time that it passes through its zero value. The 
oscillogram reproduced in Fig. 1 and published by the Gencral Electric 
Company illustrates the breaking of a high-tension current by a switch 
controlling a 150-mile line operated at 100,000 volts. The complete 
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interruption of the current only took place at the end of the third cycle. 
Harmonics were superposed on the fundamental current during 
this time, causing a large increase in the current as well as a rise in 
pressure. 

The normal amount of current to be broken in the case of extra- 
high-tension switches is usually something like 300 amperes per phase. 
As the current can flow for several consecutive periods through the 
oil, the amount of heat generated may be very considerable in the case 
of large currents, and as this takes place in an extremely short time, its 
suddenness is liable to bring about an explosion. Practical American 
engineers have therefore used larger oil chambers as the capacity of 
the switches increases. Messrs. Vedovelli and Priestley appear to have 
made considerable progress in the construction of these switches by 
placing oil under pressure, about 1 kg. per square centimetre, I believe. 
The arc which is produced under these conditions is kept under, its 
section is reduced, and its ohmic resistance considerably increased. 
This arrangement increases enormously the amount of power which a 
switch of given dimensions can interrupt, and the amount of oil used 
by Amcrican engineers would consequently be divided by about 10. 
This appears to me quite logical, and it should mark considerable 
progress in electrical engineering. 


SWITCHBOARD AND TRANSFORMING STATIONS. 


In order to connect the alternators to the switchboard in the 
generating station bare conductors are generally run upon porcelain 
insulators placed in underground cable tunnels and separated by 
masonry partitions. The exciter leads as well as the control cables are 
also placed in tunnels quite separate from the above. The switches to 
which the cables coming from the alternators are connected are 
erected in separate cells, one for each phase, separated by brickwork 
and closed in front by sheet-iron. All these switches are operated 
from a distance by means of low-tension motors. 

In the same way all the transformer-station apparatus is operated 
by low-tension motors controlled from the switchboard. All thc 
measuring instruments are provided with transformers either in shunt 
or in series, the idea being to prevent any high-tension conductor from 
being connected to the switchboard. The latter has a desk upon 
which is reproduced a diagram of the state of the connections in the 
works at any instant. Each time that the operator makes any change 
the alteration carried out is reproduced on this diagram. 

The transformer stations are generally installed in buildings distinct 
from the generating station апа almost as important аз the latter. 
'These buildings contain the transformers, the high-tension switches, 
and the protective apparatus. All this apparatus and the cables should 
be kept very far apart and separated by masonry partitions; it has thus 
resulted in the protective apparatus being placed in what are prac- 
tically towers, especially in the case where cylindrical apparatus is 
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used. This is why very large buildings have to be constructed for the 
transformer stations. 

It was a serious disadvantage to assemble in a closed building large 
quanfities of very combustible material such as the insulating oil of the 
transformers and the switches. On the other hand, it was impossible 
to avoid with the high pressure used the production of small invisible 
discharges fiable to form ozone and nitrous products. In spite of 
ventilation the atmosphere was therefore dangerous for the staff and 
harmful to the apparatus. In consequence, such buildings have been 
dispensed with, and all apparatus has been placed in the open air, but 
enclosed in air-tight tanks filled with oil. If the water spray is not 
troublesome, the apparatus can be erected on the top of the generating 
station, or else possibly on high ground near the works. 


TRANSMISSION LINES. 


In erecting very high-tension lines it is first necessary to fix upon 
the distance apart of the conductors and also their diameter. As we 
shall see later, the latter does not merely depend upon the amount of 
power to be transmitted and the pressure adopted, since it is also 
necessary to guard against the production of electric discharges which 
Amcrican engineers term “ corona effects.” Not only do these bring 
about loss of energy, but they also result in the production of ozone and 
nitrous gases which would attack the conductors and their supports. 
It is thus necessary in practice to see that the electric stress at the 
surface of the conductors is insufficient to ionize the air. 

In the Appendix 1 have obtained the following formula for 
calculating this electric stress, using the method due to Vaschy :— 


ds а+2К 
dV. і Мыз 
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R og | V E (а + уа — 2 ю | 


By examining this formula we arrive at the following important 
result. Supposing that the radius of the conductors and their distance 
apart increase proportionally, the maximum electric stress is inversely 
proportional to the length of the system ; or, conversely, if the pressure 
between thc two conductors is increased proportionally with {һе length 
of the system, which, however, retains the same geometric shape, the 
maximum electric stress is constant. This law enables us, when we 
know the conditions of operation of a transmission line which is 
working satisfactorily, to design for a different pressure another 
transmission line which will operate with equal security. Moreover, 
there is sufficient experience to enable us to calculate beforehand the 
main features of a line. 

Professor Ryan has investigated the relation between the pressure 
at which the corona discharge is produced between two conductors 
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122 metres apart and their diameters. He has obtained the following 


figures :— 


Diameter in Millimetres. Mean Pressure in Volts. 


1°47 55,000 
2°69 83,000 
4°87 III,000 | 
IO'9 166,000 
18 222,000 
22'I 277,700 | 


On the other hand, Mr. Berg has investigated the effects of varying 
the distance apart of the conductors. When the latter are placed at 
the corners of an equilateral triangle, and R is the distance from their 
centres to the centre of this triangle, Mr. Berg has found the following 
values for the pressures at which the corona discharge is produced :— 


R in Metres. with Conductors of the following Diameters. | 
= - 
5 mm. Io mm. 12°5 mm. 25 mm. 
0'25 | 46,000 78,000 150,000 230,000 | 
O'50 53,000 92,000 184,000 300,000 | 

I'25 62,000 II0,000 230,000 390,000 

2°50 69,000 124,000 264,000 460,000 

12°50 85,000 156,000 345,000 620,000 


Pressure in Volts at which Corona Discharge is produced 


Mr. Е. W. Peek, Jur., of the General Electric Company, has made a 
special study of these phenomena and has reached the following 


conclusions :— 


I. When the pressure between two parallel conductors is raised, 
luminous discharges begin to appear round the conductors ; 
and if they are observed with a stroboscope driven by a 
synchronous motor so that they are only viewed at a 
particular instant in each cycle of current, it will be noticed 
that the luminous discharge is more particularly apparent in 
the neighbourhood of the negatively-charged conductor. 
The phenomenon is less noticeable if two points are 
substituted for the parallel conductors, 
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2. The luminous discharge is less readily produced in the case of 
polished conductors than with rough or oxidized conductors, 
and it has not the same appearance. 

3. In the case of very high pressures the luminous or corona 
discharge appears round the conductors some time before 
disruptive sparking starts between them, as is shown in Fig. 2. 
On the other hand, disruptive sparking takes place before 
the corona discharge appears when the pressure is below a 
certain limit. This pbenomenon seems to be of great 
importance and may explain what appear at first sight to be 
paradoxical results. 

4. The corona is more readily produced the higher the temperature 
and the lower the barometric pressure. 


Mr. Peek has summarized the results of his numerous experiments 
in the following formulae :— 


Let і = temperature in degrees centigrade. 
h = barometric pressure in centimetres of mercury. 
B = frequency of the current. 
M =a constant having the following values :— 


M == т for cylindrical smooth conductors. 

M = 0:98 to 0'93 according to the degree of roughness of 
the surface of the conductors and depending on 
the weather. 

М = 087 to 0°83 for cables. 


— a constant having the following values :— 


N = 1 to 0'93 for cylindrical conductors. 

N = 0°72 in the case of local discharges produced round 
cables consisting of seven-stranded conductors. 

N = 0'82 in the case of discharges appearing throughout 
the whole length of such cables. 


7 == radius of each conductor in centimetres. 

d — distance in centimetres between the axes of the conductors. 

E = mean pressure in kilovolts between the conductor and the 
neutral point when disruptive sparking begins. 

e = mean pressure in kilovolts between the conductor and the 
neutral point when visible discharges appear. 

P —energy lost in kilowatts, in fine weather, per kilometre 
length of each conductor. 


Then— 
E= 201M 3. 5920 1 log. dlr, 
0'301 
61 

e= 21 ы р (^. 3926 h 262, logs 
Е 273 +t 
T 

= 346 BA GE 9 107 
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As the distance apart of the conductors cannot be increased indefinitely, 
and as a distance of 3 metres is already considerable, it follows that the 
diameter of the conductors should not be reduced below a certain 
limit whatever the amount of power to be transmitted. In the case of 
high-tension transmission this results in the use of hollow conductors 
containing an inner core of jute. For some years past American 
practice has been not to use conductors of smaller diameter than 15 mm. 
in the case of lines for pressures of 100,000 volts. 

In his scheme for transmitting electrical energy at 120,000 volts 
from the falls of the Rhone to Paris Professor Blondel, after con- 
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sidering all the available information, chose this diameter, with 3 metres 
as the distance apart of the conductors. 

A larger core has to be used in the case of copper or silicon bronze 
conductors of high conductivity than if aluminium conductors are 
employed ; and as the jute core, however well impregnated it is, 
changes very rapidly, there is an advantage from this point of view 
in using aluminium conductors; this is why aluminium has been 
almost exclusively employed in all the recent large electric trans- 
missions carried out in the United States. 

Steel transmission lines have also been used for a írequency of 
25 periods. As the conductor should have a much larger section than 
is necessary to carry the current the Thomson effect is of no im- 
portance The use of steel also allows the use of much larger spans, 
which is 4 considerable advantage. 
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But in erecting a line what factor of safety should be allowed—that 
is to say, what ratio should be allowed between the pressure which 
is to be employed and that at which corona discharges are formed ? 
American experience has shown that it is advisable not to reduce 
this coefficient below o:8 in the case of a 100,000-volt line, or to make 
use of smaller conductors, or of conductors placed closer together than 
has been done up to the present. This is justifiable if we consider 
Mr. Peek's formulae. 

It appears to have been proved that the electric strength of air 
is only slightly affected by its humidity, even in the case of rain. On 
the other hand, once that point has been passed, ionization causes the 
strength to decrease very rapidly, so that the pressure on a line can 
scarcely be raised above that at which corona discharges appear. But, 
when the critical point has been passed, it is only necessary to reduce 


FIG. 3. 


the pressure to its normal value for the discharges to cease ; thus with 
a sufficiently low factor of safety a line has no need of any other 
protection, the pressure being naturally limited to 125 per cent of 
its normal value. All protective apparatus can in consequence be 
dispensed with on high-tension lines. This method can obviously only 
be employed in the case of very high pressures, the pressure which 
produces the corona discharge being much lower than that causing the 
disruptive discharge. 

An installation of this kind at 144,000 volts may be instanced at the 
Grand Rapids in the neighbourhood of Lake Michigan, in which all 
protective apparatus is dispensed with. In those parts the climate is 
very severe and storms are frequent, but the installation is operating 
very satisfactorily. If these results are confirmed—which appears 
probable—thcy will provide a very powerful new reason in favour of 
the use of very high pressures where long distances are not in question. 
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Insulators.—There are two types of insulators, namely, the bell type 
and the suspension or disc type. The former are well known and are 
undoubtedly more expensive, but they can be made very strong. 
Moreover, they are only subjected to compression whilst the other type 
is in tension. I prefer the bell type for the same reason that I prefer 
a bridge with stone arches to a suspension bridge. Suspension insulators 
are continually swinging when the wind is blowing, and their various 
links are constantly rubbing against their supports. These are not 
conditions for satisfactory operation. 

In every case American experience seems to be that when the 
pressure exceeds 80,000 volts the cost of the bell-type insulator is pro- 
hibitive and it is necessary to use the disc type. I propose to consider 
this point more in detail. The elements of a string of American disc 
insulators are generally large and few in number, and each of them is 
provided with a porcelain or glass cover. The discs can be arranged 
either vertically or horizontally. 

Vedovelli and Priestley have designed disc elements unprovided 
with covers (see Fig. 3) and arranged in the form of a chain consisting 
of a large number of small elements as shown in Fig. 4. This arrange- 
ment is excellent, since the thickness of the porcelain is the same at all 


points of the elements, a necessary condition if the latter are to be 
baked equally throughout and are not to have internal stresses. The 
various elements are connected together by metal links which are 
separated from one another by a mass of porcelain which is always 
in compression. Only the metal links joining the discs are in tension, 
and the chains formed in this way are very strong in proportion to their 
weight. 

Owing to the use of a large number of small elements, if the 
porcelain of one of them is broken this is of no serious consequence. 
Vedovelli and Priestley have shown that the total potential difference 
would be divided more evenly between the discs of a chain consisting 
of a large number of small elements than in the case of a chain having 
only a few large elements, and the fatigue of the dielectric would 
be reduced for a given total thickness. In the case of a 110,000-volt 
line at the Turin Exhibition equipped with such chains, each of the 
latter was provided with a very light metal screen. "These screens play 
a very important róle, for it is necessary at all costs to prevent the 
surface of the element from becoming covered with a continuous film 
of moisture. 

However, in the case of the American chains which are arranged 
horizontally such shields are not of much use, and owing to their shape 
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those of Vedovelli and Priestley would not appear to protect the 
insulator nearly so well as the skirts of a bell-type insulator. That is a 
point which has to be cleared up. 

Rain seems to cause less trouble in the case of insulators for very 
high pressures than with insulators for low pressures. I propose to 
discuss why this is so. 

The production of visible discharges is always preceded by in- 
visible discharges; the latter only give rise to an inappreciable 
loss of energy, but their presence is indicated by the production of 
ozone. These discharges surround the conductor and insulators with 
a sort of electrificd sheath. This sheath may possibly be impermeable 
to drops of water, which would become electrically charged on reaching 
it. А drop of water after receiving an electrical charge splits up into 
particles which are smaller the greater the charge. "This sub-division 
increases the capacity to be charged and therefore lowers the potential. 
The energy thus set frec is taken up by the surface tension of the drcps. 
In Lord Kelvin's water-dropping electrostatic machine the drops are 
converted into spray like dust. These electrified droplets are гереПеа 
under the action of the electrical field at the instant when they are 
formed. When the field changes sign they are strongly attracted, but 
the viscosity of the air becomes more effective the smaller the particles, 
and opposes their return more than their removal. At the same time 
they share their charges with other drops. When there isa fog this is 
dispersed in the neighbourhood of very high-tension conductors and 
insulators. Eric Gérard showed this phenomenon by placing in a 
glass vessel containing a mist of water vapour two conductors between 
which there was a very high alternating pressure. The particles of 
water were projected against the walls of the vessel. 

On the other hand, as Lippmann showed, if a high pressure is main- 
tained between the two ends of a porcelain disc, previously moistened, 
the water on the surface of the porcelain flows in the direction of the 
current and the disc rapidly dries. 

As negative electricity disperses into the air or at the surface of 
a dielectric more easily than positive electricity, it is not surprising that 
this phenomenon should also take place when an alternating potential 
difference is maintained between the ends of the porcelain disc. If 
my reasoning is correct, the surface of insulators should keep dry 
when the latter are subjected to very high voltages. This pheno- 
menon should be attributed to the presence of invisible discharges. But 
these invisible discharges immediately precede the production of visible 
discharges. It is thus possible to arrange the line so that the former 
are produced only if the pressure which determines the appearance 
of the latter is considerably less than that at which disruptive sparking 
takes place; such sparking must be avoided at all costs. But this is 
only possible, as will be seen from Fig. 2, in the case of very high 
pressures. When the pressure is below 50,000 volts disruptive sparking 
takes place before the visible discharge. 

The total thickness of the dielectric of an insulator should be 
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sufficient to withstand the required tension without the material 
becoming strained. "This condition can casily be fulfilled in the сазе 
of disc insulators, and from this point of view the Vedovelli and 
Priestley insulator elements are very well designed. 

It is necessary that the surface of the insulator should not become a 
conductor of electricity by reason of thc formation of a continuous film 
of moisture, and it is this which has led to the manufacture of insulators 
with a number of skirts of which the interior ones are naturally well 
protected from rain. It is for the same reason that the American 
insulator elements designed so as to Бе arranged vertically form rain 
shields, and also that Vedovelli and Priestley have fitted metallic shields 
to their disc insulators. With pressures lower than 50,000 volts, it is 
much more difficult to protect insulators against rain than to make 
their dielectric capable of withstanding the voltage. 

I have made some tests with artificial rain on some disc insulators 
for a 45,000-volt line, and the results were far from satisfactory. 

А 110,000-volt line fitted with such insulators is perfectly satisfactory, 
and American engineers are arranging their disc insulators both hori- 
zontally and vertically at the present time in the case of very high- 
pressure lines, but no rain shields are used when the chains art 
horizontal. It is thus no longer necessary to take account of rain 
in the case of insulators for very high voltages, and it would be easier 
to insulate a line for a pressure of 150,000 volts than for a pressure 
of 50,000. Myopinion is that this is accounted for by the phenomenon 
encountered by Mr. Peek in his experiments ; and it would be advisable 
always to arrange for the pressure at which discharges are produced to 
be lower than that at which disruptive sparking takes place. 

On the other hand, it is useless to protect very high-tension lines 
against pressure-rises ; and if these results are confirmed it is probable 
that in the future the use qf pressures higher that 100,000 volts will 
become general, even where a high efficiency could be obtained for a 
much lower pressure using the same size of conductors. 

I believe that disc insulators should only be used in the case of very 
high pressures. In other cases it would be advisable, when we cannot 
rely upon the production of the corona discharges, to make use of bell- 
type insulators, which are much better protected against rain. 

Whatever type of insulator is adopted it should first be tested under 
artificial rain. Importance must not be given, however, to absolute 
figures obtained in tests of this kind when comparing the results with 
those given by an insulator proved in practice to be suitable for certain 
pressures and submitted to the same tests under similar climatic con- 
ditions. Artificial rain much more severe than the worst rain 
experienced in any particular neighbourhood can be obtained, because 
natural rain is far from being homogeneous, due to the wind causing 
eddies and cyclonic movements. 

As regards the composition of insulators, which is better, glass or 
porcelain ? I have found as much in favour of the one as of the other. 
1 have also seen compound insulators in which the body was of porcelain 
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and the outer skirt of glass; these gave very good results at a pressure 
of 45,000 volts. The design of an insulator cannot be carried out 
empirically step by step as the pressure is increased, merely by calcu- 
lating from the dimensions of insulators which have already been made 
for pressures similar to that in question and tested in actual installations 
in the same climate. It may be mentioned here in regard to insulating 
the conductors where they enter and leave transformers, that very good 
results have been obtained by replacing the porcelain tubes by concen- 
tric tubes of impregnated paper interleaved with cylinders of metal 
foil, these latter constituting the surfaces of the stepped insulation. 
These tubes are then turned so as to give them a very tapering conical 
surface, and the points where the metal foil cylinders are exposed are 
thus very far apart. 

Protection of Insulators.—1f an arc jumps round an insulator from 
the conductor to the metal support, after having been started by some 
cause, the insulator can withstand this arc if it is only of very short 
duration. If, however, the arc continues for some time, the insulator 
will crack. To prevent this, Mr. Creighton measures the pressure be- 
tween each conductor and earth by means of an electrometer. If this 
pressure decreases abnormally the electrometer operates a relay which 
short-circuits the conductor to earth for a very short time and then 
disconnects the conductor again from earth. This is sufficient to put 
out the arc round the insulator. This arrangement has given the best 
results and is generally adopted. In all cases where it is adopted the 
neutral point of the system: must not be connected to earth except 
through intermediate protective apparatus such as those now to be 
described, which do not allow currents of the supply frequency to pass. 


NEUTRAL POINTS. 


If the neutral points of the generating plant and transmission lines 
are connected direct to earth both would be maintained at zero poten- 
tial, and this would be a great advantage from the point of view of the 
ease with which they could be insulated. In fact the pressure at 
the insulators would always be equal to the normal pressure of the 
system and there would be norisk of its becoming equal to the resultant 
pressure, which is ,/3 times the above. The same remark applies to 
the pressures which the transformers have to withstand ; thus there 
would be no danger of the apparatus in the works acquiring a consider- 
able static charge. But if the neutral point of a transmission line is 
earthed, the momentary connecting to earth of a conductor brings 
about a “dead short-circuit,” so that if an arc is started from the 
surface of an insulator not only will it be impossible to extinguish 
it by a simple method like that due to Mr. Creighton, but all the current 
flowing along the conductor from whence the arc is started will flow 
through this arc and the insulator will be destroyed. By not directly 
earthing the neutral point of a transmission line, and in arranging so 
that the working current cannot pass from the neutral point to earth, 
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the difficulty of insulating the line and apparatus is increased. But, 
whilst that implies an increase in the cost of the line, this is largely 
compensated for by the extra security when the line is in operation. 
And for these reasons the neutral points of a transmission line are no 
longer connected direct to earth. Similarly in the power stations the 
neutral points are only earthed through a resistance. 


CAUSES OF PRESSURE-RISES, AND PROTECTIVE APPARATUS. 


The principal causes of pressure-rises are as follows :— 


I. Ferranti сесі. 

2. Resonance between the linc and the generators or receiving 
apparatus. 

. Oscillations set up when the circuit is closed or opened. 

. Atmospheric discharges. 

. Electrostatic charges on the low- or high-tension circuits. 

. Surges set up when connecting apparatus to the supply. 

. Breaking the excitation of thc alternators. 


ы Фол р WwW 


These pressure-rises are particularly to be feared on high-tension 
lines of great length. It is proposed to consider the causes of these 
phenomena and the means by which they can be prevented. 

In most cases we have to deal with a transmission line supplying 
a distribution network by means of transformers for lowering the 
pressure. Such a line is generally homogeneous, and the mechanical 
load on the supporting points is uniform ; this facilitates the mathe- 
matical analysis of the phenomena. 

Blondel gave some years ago a simple method for making this 
analysis ; it is briefly as follows :— 


I. If the electromotive force of the alternators is resolved by the 
Fourier system in terms of the fundamental frequency and 
its various harmonics, the corresponding electric impulses 
are transmitted independently one of the other, and the true 
working of the line depends only on the superposition of 
various conditions corresponding to the propagation of each 
of the waves. 

2. If we consider the phenomena of which the conductor is 
the origin when it transmits perfectly sinusoidal currents of 
given frequency, in order to know the maximum values of 
the pressure V and the current I at any point when the 
pressure at the end has the value H, and when the conductor 
is carrying a current of maximum value А and of given power 
factor cos ф, it is sufficient to know the values of the pressure 
V and the current I when 

(a) no current being taken from the line, the maximum value of 
the pressure at its end is equal to H ; 
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(b) the line being short-circuited the maximum value of the 
current at its end is equal to A. (In other words, just 
as when we know the characteristics of an alternator at no- 
load and on short-circuit we can estimate what will happen 
when the alternator is connected to any circuit whatsoever ; 
so in the case of a transmission line it is sufficient to deter- 
mine what happens at no-load and on short-circuit.) 

(c) We can immediately pre-determine what will take place by 
means of tables of circular and hyperbolic functions. 


I now propose to consider the causes of rises in pressure and the 
means by which we can guard against them. 

I. Ferranti Effcct.—In the case of a long transmission line the 
current and the pressure are far from having the same values throughout 
its length. The line behaves like a sounding pipe and is the seat of 
reflected waves causing resonance, the latter producing very high rises 
of pressure when the length of the line is equal to an odd multiple of a 
quarter of the wave-length of the waves propagated therein. The end 
of the line is therefore the seat of a loop. There would, on the other 
hand, be a node at that end and there would be no reflection or reson- 
ance if the length of the line were an even multiple of a quarter of the 
wave-length of the current waves. Let us assume that the line is 
500 km. long, and let us denote by y, A, and p, its capacity, sclf-inductance, 


and resistance per unit length, and by Е the frequency of the current. 


As is well known, the speed of propagation W of the impulses along the 
line can be expressed by— 


: m 
wa af EL 
Мул а^ + AJ p? + а? № 
On high-tension lines y апа А are comparatively large, since 
large conductors spaced at considerable distances apart are used, and 


the speed W scarcely exceeds 200,000 km. per second. It follows that 
the dangerous wave-lengths are in this case— 


2,000, 666, 400, 286, 212, 182... km. 
The harmless wave-lengths are— 
1,000, 500, 333, 250, 200, 167... km. 


If we assume that the normal frequency of the supply is 50 and that the 
alternators do not generate even harmonics, or the third, sixth, ninth, 
etc., harmonics, the harmonics which can be produced are as follows :— 


5, 7 11, 13, 17, 19, 23, 25, 29..., 


and the corresponding wave-lengths are— 


800, 572, 363, 308, 235, 210, 174, 160, 138... km. 
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The nineteenth harmonic will give full resonance, and all the others 
may produce pressure-rises more or less serious. 

This shows how important it is to arrange the windings so as to 
prevent the production of harmonics. It will be found convenient 
therefore to design the stator with a very large number of teeth 
per pole, which will be easy since there will be a large polar arc, or by 
making use of one of the various ways mentioned above. 

In all cases the Ferranti effect is really only to be feared when there 
is no load on the line, the reflections then taking place at its end as it 
were on a hard buffer. When there is load on the line the reflection 
is against a soft cushion which does not return the whole of the energy 
that it receives. This is why Blondel suggested that the end of the line 
to be put in service should first be connected through liquid resistances, 
and that these should only be removed gradually as the load comes 
on the line. Conversely, these resistances should be inserted in the 
line before the load is taken off. 

It would be easier to arrange harmonic dampers on the alternators, 
especially as reflections can be produced elsewhere than at the end of 
a line if the latter is not homogeneous—for example, if an overhead 
line is joined up to underground armoured cables. As the pressure- 
rise set up by the Ferranti effect may possibly last some time, it is 
undesirable to provide pressure limiters which can only operate inter- 
mittently, and such pressure-rises must be suppressed by preventing 
the production of harmonics by the alternators or else by interposing 
resistances effective at the harmonic frequencies. 

2. Surges belween the Line and the Generating and Receiving Apparatus. 
—The line has capacity and self-inductance distributed throughout its 
length. According to the frequency of the currents flowing and the length 
of the line, the latter behaves as a condenser or a choking coil towards 
the apparatus connected to it. When it behaves as a condenser its 
capacity may resonate with the self-inductance of the apparatus. Such 
resonance is greatly to be feared in distribution networks of armoured 
cables at medium pressure. They are not experienced, however, in the 
case of high-tension networks, even if these are of considerable size, 
owing to the large self-inductance of the apparatus connected with the 
line. In the case of distribution networks the greatest care should be 
taken to prevent resonance by the means indicated. 

3. Oscillations set up by Closing or Opening the Circuit. —Thesc 
oscillations can cause the pressure of the conductors momentarily to 
rise to double its normal value. Knowing the short duration of this 
phenomenon it would be reasonable to guard against fatigue of the 
insulation by using pressure limiters, which would operate as true 
safety valves. We cannot unfortunately open a path for the oscillating 
discharge to pass without also opening at the same time a path for 
the working current; but it may be noted that the oscillating discharge 
always has a very much higher frequency than that of the normal 
current in the network, and consequently such discharges will pass 
through the condenser much more casily than the normal currents. It 
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is thus reasonable to protect lines and apparatus by placing condensers 
in shunt either between the lines or between the lines aud earth at 
their point of entry. It is only in recent years that it has been possible 
to adopt this method, such was the reputation of condensers. 

Mr. Moscicki has manufactured glass condensers which are reliable 
and which have been adopted on a considerable scale with satisfactory 
results. In every casethey can be replaced with advantage by aluminium 
electrolytic condensers, which I here propose to discuss briefly. 

If two plates of iron are immersed inan alkaline solution, for example, 
and a difference of potential of less than 1 volt is maintained betwcen 
them, a certain quantity of electricity flows through the apparatus and 
then the current ceases. If wethen short-circuit the plates a momentary 
current flows and the quantity of electricity which passes during the 
discharge is equal to that which passes during the charge. "This is why 
this type of apparatus is called an electrolytic condenser. Its capacity 
increases rapidly with the pressure, and tends to become infinite when 
the pressure reaches 1'4 volts. Actually the condenser breaks down at 
that instant, but it has the very valuable property of immediately 
recovering as soon as the pressure falls below the above limit. The 
capacity is independent of the distance apart of the plates. Indeed the 
apparatus acts as if there was an excessively thin diclectric between 
each metal plate and the liquid in which the plates are immersed. 

The above apparatus really consists of two condensers connected in 
series, the liquid forming the common plate, and the dielectric film 
diminishes in thickness as the pressure exerted upon it by the electric 
forces increases; hence the increase in the capacity. It breaks up 
when the pressure across it reaches o'7 volt. 

The amount of energy stored up in a condenser of capacity C when 
a pressure V, which it can withstand indefinitely, is applied to its ter- 


minals is given by e The ratio between this product and the cost 


of the condenser determines its truc economic value. This value, 
however, is incomparably higher for the electrolytic condenser than 
for ordinary condensers. If the mean pressure V cannot excecd 
o'5 volt the capacity per square metre of the surface of the electrodes 
is very great and is measured in farads. In cvery case if we denote by 


C the capacity per unit surface, by = the frequency of the current 


flowing through the condenser, and by V, the mean pressure across its 
terminals, the mean current per unit surface, that is to say, the current 
density at the surface of the electrodes, is equal to aC V,. The product 
C V, being very large, the current density becomes exceedingly high 
when the frequency a increases, and the liquid becomes exceedingly 
hot. Thus these condensers can only be employed in practice for 
currents having a frequency such as the slip of asynchronous motors. 

By increasing the thickness of the dielectric surrounding the 
electrodes, so as to reduce the capacity C, the pressure V is 
increased. 
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Let us suppose, for instance, that we can thus divide the capacity of 
the condenser by (450), and that at the same time it can withstand a 
mean pressure of 225 volts instead of o'S volt. Its economic value will 


not be changed, but for the same frequency, 2) the current density 


would be divided by 450 and the heating of the liquid by 202,500. 

This result comes about in a very simple manner when aluminium 
electrodes are used. If the current flowing through the liquid tends to 
disengage oxygen at the aluminium plate it covers it with a very thin 
oxide layer, which is a very bad conductor, and stops the current from 
flowing. If the current is reversed the hydrogen set free reduces the 
oxide layer and the current then passes. 

If a carbon plate and an aluminium plate are immersed in an 
electrolyte an alternating electromotive force will then cause a pul- 
sating current to pass, but always in the same direction. This is the 
principle of the Nodon valve. But if two aluminium plates are placed 
in the same electrolyte the oxide layer which is removed from one plate 
re-forms on the other, and the current cannot pass directly in either 
direction. If it continues to pass it is because the apparatus behaves 
like a condenser. It will then have this valuable property in the case 
which we are considering, of allowing the alternating current to pass 
more easily the higher the frequency. Oxygen attacks aluminium more 
rapidly than hydrogen can reduce the oxide layer ; under these circum- 
stances if the plates are subjected to an increasing alternating pressure 
the thickness of the oxide layer goes on increasing until the current can 
no longer pass directly. A condenser is thus naturally formed. "This 
allows us to make electrolytic condensers to withstand 450 volts per 
tray, each forming two condensers in series, one for each face. They 
are built up of aluminium plates laid one on the other, separated by 
porcelain blocks and filled with an electrolyte. These piles of plates 
are kept in position by impregnated wooden rods and are placed in 
transformer cases filled with oil. 

As it would be useless to try and make such apparatus work when 
there is no pressure-rise, they are connected to the point to be protected 
through horn-type lightning arresters. When an arc is started, the 
oscillating current superposed on the normal current flows through 
the condenser with the greatest ease owing to its high frequency. ‘The 
capacity of the condenser is so small for the current of normal frequency 
in the condenser that it is sufficiently reduced for the arc to be quickly 
extinguished. But since the electrolytic elements are very rarely 
brought into operation, and then only for very short periods, it is 
necessary to guard against secondary chemical actions, which take 
place continuously. We are thus faced with this dilemma: if the 
electrolyte is acid it attacks the oxide layer, if basic it attacks the 
aluminium itself, whilst neutral solutions are bad conductors. Of these 
evils the least is chosen, and the oxide layer is allowed to be attacked. 
But if there is sufficient time to reduce this layer considerably between 
.two pressure-rises the condenser would no longer fulfil its purpose, 
Vor. 51. 45 
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and it would allow a very large current to pass until it was re-formed. 
To avoid this disadvantage an arrangement is provided to allow the 
horns of the lightning arrester to be momentarily brought into contact, 
and from time to time a current is passed through the condenser so as 
to maintain the dielectric in the “formed” condition. I donot know the 
composition of the electrolyte employed. I suppose, however, that it is 
a solution of ammonium phosphate as in the Nodon valve. But when 
the apparatus is installed in the open air, as is generally the case, it is 
necessary to guard against great cold ; and to prevent the solution from 
freezing it is necessary to add to it something which accelerates the 
action of the dielectric. 

To keep the apparatus, therefore, in working order it is necessary to 
bring the horns of the arrester into contact for about 30 seconds every 
two days. When the apparatus is installed in a building warmed in 
the usual manner, another solution is used, and there is no need to 
carry out this operation oftener than once a fortnight. In spite of 
this inconvenience this apparatus offers so many advantages that it is 
being used exclusively in all new installations. To guard against surges 
set up when the circuit is opened or closed, a condénser of this kind is 
placed between each line and the neutral at the point of entry. 

4. Atmospheric Discharges.—It is seldom that lightning strikes a line, 
but such an occurrence has to be guarded against, particularly if the 
line passes over mountains. There is only one safeguard, namelv, to 
run an extra conductor above all tlie working conductors and carefully 
earth it in the neighbourhood of each tower. This arrangement is 
satisfactory but expensive. Usually it is unnecessary to install such a 
guard wire throughout the whole length of a transmission line. 

But in the case of all storms lightning induces currents in the line 
by means of electromotive forces of very large value but of extremely 
short duration. The induced currents in the three conductors are 
therefore in the same direction. It is necessary to prevent these 
currents from passing to the station by providing each station with a 
choking coil, which need only contain a few turns of wire to withstand 
the first shock of the discharge. The conductors which connect the 
lightning arresters to the wires should be connected tangentially to the 
latter, and should not contain any sharp curves. It is advisable, on the 
other hand, to introduce some turns into the ends of the lines where 
they enter a station. 

'The currents induced in the three conductors can only pass through 
the electrolytic condensers if the neutral point is. connected to earth. 
This is effected by means of a fourth electrolytic condenser connected 
between the earth and the common point of the three condensers. The 
capacity is sufficient to prevent any appreciable rise of pressure 
following a flash of lightning, and it is also much too low for the small 
currents at the frequency of the supply, which will pass through it 
without causing the least trouble on the network. 

5. Electrostatic Charges оп the High- or Low-tension Circuits.—The 
differences of potential between the various conductors are determined 
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by the working of the machines ; but this is not so as regards the 
neutral point unless it is connected to earth. | 

In every case, if the neutral point of a station is insulated, it attains 
the potential of the line, as can easily be seen. Thus take the case of a 
100,000-volt line where the neutral point is insulated. If one of the 
conductors happens to be momentarily earthed the working will not 
be affected since the neutral point is insulated, but the potential of 
the latter will rise from zero to 73,000 volts. The same applies to 
all the other stations if their neutral points are insulated. Under 
these conditions a connection to earth at the stations is fatal, 
and may cause serious accidents to the staff. This disadvantage is 
avoided by connecting the neutral points of these stations to earth 
through a resistance limiting the currents which would normaily flow 
through it to a very small amount if one of the conductors in the 
station happened also to become earthed. Notwithstanding this resist- 
ance, the potential of the neutral point will never differ very much 
from earth potential, since the charging currents passing through it 
will have an exceedingly low value owing to the small capacity of the 
condensers formed by the two circuits of each transformer. 

If all these circuits are connected in delta, or if the neutral point is 
inaccessible, recourse has to be had to the following device: Take an 
auto-transformer and connect it between the three supply conductors 
and an earthed neutral point. Each of the three circuits contains a 
coil wound on a magnetic core, and another similar coil wound on 
another core, but in the opposite direction to the first coil. Under 
these conditions each core of the transformer will have two coils 
carrying currents flowing in opposite directions. Their self-induction 
being extremely large will only allow currents of the same amount and 
direction to pass, and their magnetic eftects neutralize one another. 
Moreover, the windings are so intermingled that there is no magnetic 
leakage. These various coils will thus almost entirely prevent the flow 
of three-phase currents, but they will allow three currents to pass with 
the greatest ease in the same direction and of the same amount from 
the three lines to earth, and they will maintain the mean potential of 
the station in all cases equal to that of earth. The auto-transformer 
used in this way is called an artificial neutral point. 

During storms the transmission line may acquire an electrostatic 
charge in the following manner : А charged cloud passes over a line 
and induces a charge upon it. A lightning flash then occurs and the 
arresters operate ; the line is then momentarily connected to earth 
and receives a charge of opposite sign to that of the cloud, the 
potential being the same as earth. The earth connection is then 
removed and the line remains charged. When the cloud passes away, 
the potential of the line rises and it becomes like a Leyden jar. 

Let us now suppose that a line is disconnected at the far end and 
that it is switched off at the transmitting end. It remains electro- 
statically charged, and as its capacity is very great, and since it is 
very well insulated, it can maintain its charge for a very long time 
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and be capable of giving a fatal shock to anyone unhesitatingly working 
on it knowing it to be insulated at its two ends. 

It is thus necessary to arrange on transmission lines for all electro- 
static charges to flow directly to earth ; and for this purpose nothing 
equals the artificial neutral point. In no case does it allow us to 
dispense with the connecting to earth of the neutral point of the 
lightning arresters through an electrolytic condenser, since its self- 
inductance will always be too great to prevent rises of pressure due 
to lightning. 

б. Transmission of the Wave-fronts.—All receiving apparatus which 
is connected to a supply network is liable, even without any rise of 
pressure having occurred, to have its first coils earthed. This is due to 
the fact that the first electric wave flowing through it has a very steep 
front which gradually decreases, in the same way asa liquid wave flows up 
a valley at the instant when a dam is broken. The first few turns have 
then to withstand the full pressure of the network and are not suff- 
ciently insulated for this voltage ; hence the necessity of providing the 
receiving apparatus with choking coils having their turns very heavily 
insulated in order that the steep wave which first traverses them may 
become sufficiently smoothed out before it arrives at the receiving 
apparatus. 

7. Breaking the Exciting Circuit of Alternators.—An exciter generally 
supplies several alternators. It is thus necessary to be able to break 
the exciting current of an alternator when the latter has to be shut 
down. But, as I have already mentioned, alternator fields have a 
very large amount of energy stored up in them, and this tends to 
become evident with explosive violence when the current is broken. 
The simplest means of preventing any pressure-rise consists in con- 
necting in parallel across the ends of the circuit an electrolytic 
condenser like those described above, but without any air-gap. In this 
way the field magnets and exciters are protected against pressurc-rises 
which would be sct up in them in the case of a short-circuit on the 
network. 


SUMMARY AND CONCLUDING REMARKS. 


Summarizing, it may be said that three-phase currents enable energy 
to be transmitted over distances of about 500 kilometres at pressures 
up to 150,000 volts. Such installations are only justifiable if the 
amount of power to be transmitted is very large, and this has led to the 
manufacture of generating sets up to 20,000-kw. capacity. 

With such large units and the use of very high pressures, short- 
circuits on the network may set up very serious trouble in the machines. 
Such disturbances can only be prevented by installing in series in each 
of the armature circuits a very powerful reactive coil, or providing 
considerable magnetic leakage in the field and armature coils. This 
decreases the self-regulation of the machines and it becomes necessary 
to provide automatic regulators for the exciting circuit. 

The large oil switches that are now made can break the current 
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generated by such machines even in the .case of a short-circuit on the 
network. 

The neutral point should be earthed at the stations through a high 
resistance. 

If there is no accessible neutral point an artificial one should be 
formed. 

All high-tension apparatus should be enclosed in air-tight tanks filled 
with oil. 

A special transformer and a special enclosed switch, each in a 
separate tank, should be provided for each line and for each phase. 

All high-tension apparatus thus enclosed can be installed in the 
. Open air. 

No high-tension conductor should be run to the switchboard ; 
from which all the operations are carried out at a distance by means of 
relays. 

All apparatus should be provided with choking coils to protect it 
against electric waves having a very steep front. 

The neutral point of the transmission lines should never be directly 
connected to earth. To prevent the line from acquiring a static charge 
the best arrangement is to provide an artificial neutral point permanently 
connected to the network. 

This suffices if the normal pressure of the transmission lines only 
differs but little from that at which corona discharge takes place. "This 
condition naturally tends to be fulfilled in the case of very high-pressure 
lines. In other cases it is necessary to protect the line. This can be 
done as follows :— 

(1) At the two ends of the line each conductor is connected to a 
neutral point by a circuit containing a horn-type lightning arrester 
and an electrolytic condenser. The neutral point is itself connected 
to earth through an electrolytic condenser. 

(2) With the object of immediately extinguishing any arc which is 
formed over an insulator, the method due to Mr. Creighton can be 
employed. This momentarily connects to earth the conductor on which 
the arc has started. 

With these precautions it is possible to obtain great reliability in 
working, and at the present time three-phase currents are the most 
practical means of transmitting large amounts of energy over very long 
distances. But will this always be the case? I do not think so. There 
will be more inducement to substitute underground lines consisting of 
armoured cables for overhead lines, which will always be exposed 
to bad weather and malicious damage. 

Nothing will be easier if continuous currents are used. But with 
alternating currents this is no longer the case owing to the effects of 
capacity. Underground lines should have induction coils added to 
them which will supply their charging current, and the apparent 
power of which will be much greater than the real power transmitted. 
Not only would these cost a considerable sum and consume a large 
amount of energy, but we should be afraid of the rises of pressure that 
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would be set up by resonance between them and the line. Three- 
phase currents, even at low frequencies such as 15, necessitate the use 
of overhead lines for large transmission schemes. 

The rapid development, however, of the Cooper Hewitt mercury 
converter allows us to prophesy that it will not be very long before we 
shall be able to transform easily the currents generated by very large 
alternators into high-tension continuous currents. We shall thus be 
able to obtain constant-pressure continuous currents which can be 
easily transmitted through underground cables. 

In considering how these can be utilized it would be necessary for 
us to be able to re-transform the high-tension continuous current at the 
receiving end into alternating current of some particular frequency by 
an inverse process to that employed at the transmitting end. 

The phenomena made use of in wireless telegraphy and in the 
singing arc show that this problem is feasible. It would be necessary 
to provide an electric discharger which would break the current 
flowing through it as the current passes through its zero value, and 
only allow the current to be restarted at a very high pressure, such as 
100,000 volts, whilst at the sanfe time introducing a negligible pressure- 
drop of the order of only 14 volts when current is Howing. 

The Cooper-Hewitt mercury switch, which may be considered as 
the reciprocal apparatus of the Cooper-Hewitt valve, appears to fulfil 
these conditions. 

Some years ago when accepting the office of President of the 
Société Internationale des Electriciens I said to the young engineers 
around me, “Believe me, there is nothing more to be done with 
induction ; it is to vacuum tubes that we must pay attention." Well, I 
am more than ever convinced of this, and I shall conclude bv 
mentioning it once again. 


APPENDIX. 


In all three-phase lines the difference of pressure between two 
conductors is a maximum when the pressurc of the third conductor is 
zero. Thus, if V,, Va V, are the potentials of the three conductors, we 
can see that if // is a constant pressure 


Vi == h sin al, У, = sin («1+ С} V,— sin С l +42). 
whence-- 


у, —– \, = / | in aí-—sin (^ *7)] = |у МЗ cos («0 *7). 


But cos (a+ 47) is a maximum and equal to 1 when 


1913.) ALTERNATING CURRENTS AT VERY HIGH PRESSURES. 71] 


sin (21442) =o, that is to say, when V,=0. We are thus 


able to calculate the electric stress produced at the surface of two 
parallel conductors if we know the difference of potential A 4/3 
between them. | 

Let us next determine the distribution of pressure in the space 
surrounding two straight parallel wires of an infinite length charged 
respectively with quantities of electricity + q and — q per unit length. 

In Fig. 5, let MP, = r, be the distance of a point M from the straight 
line PP’ at which the linear electric density is +q. An element 


2 


a æ m eee ee ‚= 
4 
P4 


/ 


3 


FiG. 5. 


P' P", =dx, of the line PP’ carries a charge q dx of which the 
potential at the point M is equal to the specific inductive 
capacity of the air being taken as unity. It follows therefore that the. 
potential at the point M, due to the length of line considered, is 
equal to— 


In the same way the other line will give the potential — 


EK 
= aes 


The resultant potential V at the point M is thus— 


v Be d x | dx 
m Dep Jr Xr? 


er— 
Е MEM шь ——— п = + со T, 
V=q [ ege + re + 4°) —log, (x + Ir? + *) | ben 2q loge = . 
For all the points M on aline parallel to the two electrified lines the 


distances 7, and 7, are equal, and also V. The equipotential surfaces 
are thus.cylinders parallel to these lines, Let us determine their 
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section on a plane at right angles to the generating lines (see 
Fig. 6). 

O, and O, being the two lines, the equipotential curves are given 
by 7,/7, = constant. But the locus of points such that their distances 
r, and r, from two fixed points O, and O, are constant is a circle 
having its centre on the line О, O, The equipotential curves are thus 
circles. The orthogonal trajectories of these circles are also arcs 
of circles passing through the points O, and O,. 

Now let us assume that the two cylindrical conductors are two of 
the equipotential surfaces C, and C, surrounding the two lines, also that 


E is the rate of change of the potential with reference to the normal 


" 
— —(— ЙЫЛ лара 
N 


Ж Е 


\ 
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s 


FIG. O. 


to the equipotential surface at the point considered. The total 
V 


induced flux f Е passing through a unit length of each 


cylinder, is equal to the internal charge q. 

Let us assume that the charge g, instead of being concentrated at 
the axis, is distributed round the cylinder in such a way that the 
surface density at each point is — de There will be no change 
in the condition of equilibrium in the medium outside the two 
cylinders, but the lines of force will pass out from the surface of one 
cylinder to reach the other. 

The radius R of the cylinders being given, and also the distance 
apart a of their centres, the position of the points O, and O, has still 
to be determined. 

Lct us consider the points C, and C, in Fig. 6 diametrically opposite 
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to A, and A,, and let x be the distance O,C. The points A, and C, 
having the same potential, we can write— 


AQ, С.О, „а—К—х_а+К—х 
A,O, CO, К—х ^ R-cx' 


whence— 


218 m E 


The electrical density will be a maximum at the points A, and A, 
Let us determine the value of M one of these points. Consider- 
ing the point A,, let r, be its distance from the point O,, and r, its 
distance from the point O,; thus n = R — х, and r, =a — R —r. 
The potential V at the point A, is given by— 


R—x 


7» 
V = 2 д log, 7,724 log, mc 


Tra +dr =R +4aR— х, r,+ dr, =a — R —d R =r, 


whence— T 
v= ау _ 1 [ I " R—x ] 
aR 77 6-5 a—R—x (а Е х) 
а— 2x 


Е) (а Кх) 


_а— Ja? — 4 R* 


х == 
2 


But we have— 


. therefore— 


ау, NEEDS 
aR ~?RA/ a—2R 


Let c be the capacity per unit length of the two cylinders, and д 4/3 


the difference of potential between them; so that g=ch 4/3. We 
know that— 


CERTE NE ы е 
2 log. ve, (a+ NE тё] 


T 
ау_ h /3 aa ER 


ак К R log, кс m —— 25 5] 


whence— 
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NEON LIGHTING. 


By GEORGES CLAUDE. 


(Lecture delivered in Paris at a Foint Mecting of THE INSTITUTION with the 
Société Internationale des Electriciens, 21st-24th May, 1913.) 


It is certainly unnecessary for me to tell English engineers how 
neon was discovered, since they all know that the discovery of those 
remarkable rare gases, which were contained in the air unsuspected by 
anybody, was due to Sir William Ramsay. It was the fractional dis- 
tillation of liquid air which led Ramsay to his results, and these were 
the more remarkable since they were obtained with small resources 
and with apparatus capable of supplying only one or two litres of 
liquid air per hour. 

I thought that with infinitely greater resources at my disposal, 
and by using apparatus capable of liquefying 10,000 cubic metres of 
air per day, I should be able to obtain new results. But I had to 
admit that after Ramsay there was nothing more to be done. 

But although I was unable to add to the list of rare gases, I was 
able, on the other hand, to obtain them, particularly neon, in greater 
abundance. Indeed, the arrangement of my oxygen apparatus is such 
that neon constitutes the residue of the progressive liquefaction of air, 
and it is thus obtained as a by-product in the commercial manufacture 
of oxygen ; and in spite of the fact that there is only one part of neon 
in 66,000 parts of air my modest apparatus giving only 5o cubic metres 
of oxygen per hour can yield тоо litres of neon per day, which can be 
used to fill balloons, such as I have here. ‘These balloons can rise in 
the air since the density of neon is two-thirds of that of the latter. 
Neon is therefore really a commercial product freely obtainable, and 
I have been investigating its applications, directing my attention 
particularly to its use for lighting. 

I need not mention the very serious disadvantages of modern 
sources of light, their increasing brilliancy and their greater and greater 
glare, and all engineers know the hopes that have been aroused in 
connection with diffused lighting, which without fatiguing the eyes 
can provide the marvellous soft glow of the rarefied atmosphere of 
Geissler tubes. Unfortunately, the latter have so far proved disap- 
pointing, since the luminous properties of ordinary gases are not very 
marked. Only nitrogen has been employed, thanks to the perseverance 
of Mr. McFarlane Moore, and its efficiency is not very high, namely 
1'72 watts per candle. On the other hand, the rare gases are distin- 
guished by their tendency to become luminous, and their spectra are 
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remarkable. That of neon in particular is excellent. It contains 
numerous fine rays in the red, orange, and yellow, and three important 
lines in the green. Unfortunately, however, it has no rays in the blue 
or violet. Of course the absence of blue rays is a serious disad- 
vantage for a source of light, but I believed that it would be possible to 
remedy this defect, and so I continued my experiments. 

There were other ícatures besides the richness of its spectrum 
which made me concentrate my attention on neon. The most im- 
portant of all is that neon possesses a remarkable aptitude for be- 
coming luminous. A long time ago Sir James Dewar obtained neon 
tubes which became luminous at the loops of a resonator, and which 
were non-luminous at the nodes, in such a way that these detectors 
provided an ingenious method of measuring the wave length of a wire- 
less telegraph installation. 

It was again a colleague of Ramsay, namely, Professor Collie, who 
with the neon which I had sent to Ramsay made the following inter- 
esting experiment. The sealed glass tube contained a small quantity of 
mercury in a rarefied atmosphere of neon; on shaking the tube in a 
dark room the mercury appearcd like a rain of fire. The explanation of 
this curious phenomenon followed from the experiments of Bouty, who 
had noticed that neon allows electric discharges to pass with extra- 
ordinary ease. Thus, where a pressure of 1,000 volts would be 
necessary in the case of air, 13 volts is sufficient with neon. The Collie 
phenomenon is thus explained: the electrification of the tube caused 
by shaking the mercury is sufficient to bring about the discharges in 
the gas. 

Possessing such properties, neon must evidently be taken into 
account for producing light. I therefore directed my attention 
towards the use of this gas in very large Geissler tubes similar to 
Moore tubes. 

The first difficulty which I encountered is rather curious. Rare 
gases, as is well known, have another name, viz. noble gases, but it 
seems that neon has a very high idea of its dignity. Although capable 
of remarkable effects when isolated, it absolutely refuses to do anything 
when in contact with common gases such as hydrogen or nitrogen. 
Such gases are infinitely inferior to it, and minute traces of them mixed 
with neon are sufficient to upset its luminous property and luminous 
efficiency so completely that not a single line of its spectrum is to be 
found in the light produced. 

It is thus not sufficient, as one might imagine, to fill a tube with 
absolutely pure neon; for although the tube glows magnificently, 
impurities set free from the electrodes when the current passes, 
quickly causes its luminous properties to disappear. 

To get over this serious difficulty I have therefore had to devise 
a method of purifying neon in the tube itself as the impurities 
are being set free by the current ; and with this object I have made usc 
of one of the most curious features of liquid air, namely, that carbon 
absorbs air very vigorously when it is cooled to the temperature of 
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liquid air. But it is under very special conditions that I have made use 
of this property. Carbon, in fact, behaves differently with different 
gases. The more difficult these are to liquefy, the less easily are they 
absorbed. Absorption is thus very much less with neon than with the 
various gases which accompany it. 

The method which I invented for purifying the atmosphere of my 
neon tubes will thus at once be evident. The tube is connected to a 
carbon receiver immersed in liquid air, and this carbon slowly absorbs 
the gases set free when the current is passing, but leaves the neon. It 
is thus a pump, but an intelligent pump which takes up the inconvenient 
molecules and leaves the others. | 

After a lengthy process extending over a number of hours the neon 
remains victorious and the tube is ready. Separated by means of a 
blow-pipe from the carbon receiver it will then show the fine neon 
glow, and this will not fall off. 

Having got over this difficulty, another was encountered. I noticed 
that neon tubes obtained in this way had a very short life. After the 
potential difference at their terminals had rapidly increased they began 
to flicker and then to go out. Moore has found that the atmosphere of 
his tubes gradually .became more rarefied and that the tubes then 
ceased to glow. This curious fact frustrated all his efforts until he 
conceived the idea of introducing nitrogen into his tubes, by means of 
an ingenious electromagnetic valve, as rarefaction proceeded. Unfortu- 
nately such a remedy was inapplicable in the case of neon, for if 
Moore's observations are correct the amount of nitrogen absorbed by 
his tubes is absurd, namely 200 litres per year for a 50-metre tube. If 
my neon tubes were as absorbent, my liquid air apparatus would be 
insufficient. | 

I have thus found it necessary to ascertain the conditions which 
would render the absorption of neon negligible, so that a single charge 
of neon will enable a tube to have a very long life comparable with that 
of glow lamps. Forthat purpose it was necessary first to ascertain how 
absorption takes place. I noticed that the electrodes of the first tubes, 
which were very small, became incandescent when the current flowed 
and volatilized rapidly, a metallic deposit composed of scales and 
particles being produced near the electrodes. I thought that it was 
this metallic deposit which absorbed the neon, and indeed gas contain- 
ing neon was given off on dissolving the deposit in nitric acid. It is 
thus without doubt the volatilization of the electrodes which is the 
trouble, and in order to get rid of this it ought to be sufficient to use 
large electrodes that will only be heated slightly by the current. 
Experience has confirmed these precautions so completely that with 
electrodes having 500 sq. centimetres per ampere, volatilization is practi- 
cally prevented and the tubes have a very long life. 

This life naturally increases as the tubes are made longer, since there 
are only two electrodes to absorb the neon, and the longer the tube the 
greater the amount of neon it contains. With tubes 6 metres long it is 
easily possible to obtain a life of 1,000 or 1,200 hours, and I have tubes 
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20 metres long which are in excellent condition after burning 2,000 
hours. This is a better result than is obtained with glow lamps. The 
problem has thus been solved in an unexpectedly simple manner. We 
now have tubes capable of showing the spectrum of absolutely pure 
neon, and these tubes, which are valveless, as in the case of the most 
recent automobile engines, are very much simpler than any manu- 
factured up to the present time, and have a very satisfactory life. 

I propose next to consider the advantages of these tubes compared 
with tubes containing nitrogen.* First, the potential difference neces- 
sary is only one-third of that required by nitrogen. This is an 
important advantage from the point of view of safety, since neon 
tubes 6 metres long require a pressure of less than 800 volts at their 
terminals, and three tubes can be connected in series with a 
controlling induction coil and supplied from a 3,500-volt transformer. 
On the other hand, the intensity of the light is much higher, namely, 
200 candles per metre instead of 60. For a given amount of light 
much shorter, and therefore more economical, tubes can be used. 
A further advantage is that these short tubes can be manufactured 
and sent in their finished state to purchasers. Finally, and this is 
the most important point, the luminous efficiency of 0:5 watt per 
candle is obtained with long tubes as against r'7 watts per candle for 
nitrogen tubes. Perhaps it will be thought that this is not a very 
remarkable efficiency compared with that of a flame arc lamp, but 
it must be remembered that we are referring above to spherical and 
not hemispherical candle power; moreover, no expensive carbons 
are required, nor does the maintenance cost anything. Indeed, 
taking everything into consideration, I think that with the exception 
of the horrible light given by mercury lamps, neon tubes provide 
the most economical means of lighting. 

Again, in the interesting experiments carried out at the Laboratoire 
Centrale d'Electricité, Messrs. Broca and Laporte showed that the neon 
light is physiologically excellent on account of its very low intensity, 
and with it visual acuity is increased by 20 per cent. 

In all the above respects the neon light is thus perfect, but the 
question of its colour has still to be considered. Obviously it is much 
too red since it does not contain any blue rays. Undoubtedly this pre- 
dominance of the red gives superb illuminating effects, such as, for 
example, those obtained at the Grand Palais des Champs-Elysées, 
which was lighted with neon tubes in 19ro on the occasion of the 
Automobile Exhibition, and at the church of Saint Ouen at Rouen, 
where 5o neon tubes were used during the Normandy millenary 
fétes. 

There is no doubt that in many cases of industrial lighting this 
very economical and convenient light would be welcomed in place 
of mercury lamps, and here let me point out how easily one becomes 
so accustomed to this ruddy light as only to retain an impression of 


* Further particulars are given in the Bullelin de la Société Internationale des 
Électriciens, vol. 1 (3rd series), p. 505, 1911. 
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а warm shade of golden yellow in which the red is almost entirely 
absent. But again it must be recognized that this pronounced red 
is scarcely acceptable in the majority of cases, and I have been 
éndeavouring to improve the light. 

One solution at once suggests itself, namely, to intermingle the livid 
mercury light and the ruddy neon tube. Two difficulties, however, 
arise ; first, if the mercury and neon are placed in the same tube they 
will not work together ; and second, if we wish to associate blue tubes 
and red tubes, the mercury vapour tubes of the Cooper-Hewitt type 
require low-tension continuous current, whilst neon tubes require high- 
tension alternating current. They can thus not be run together. I 
have therefore manufactured “ correcting " tubes, consisting of ordinary 
neon tubes containing a drop of mercury. These tubes glow with 
alternating current like ordinary neon tubes, but the mercury proceeds 
to volatilize and the blue mercury light is distributed throughout the 
whole tube. 

Unfortunately, however, thc efficiency of these tubes containing 
a drop of mercury is much lower than that of neon tubes and is about 
I watt per candle. This, however, is still acceptable, and it will be 
seen that with an equal number of such tubes and ordinary red tubes 
very agreeable diffused lighting without shadows can be obtained with 
an overall efficiency of o'8 watt per spherical candle. This is a much 
better result than any lighting by tubes containing rarefied gases. 

In conclusion, if a red light is often undesirable there are, on the 
other hand, certain cases in which it will prove undoubtedly superior, 
such as in the illumination of monuments, or in gala lighting, which 
I have already mentioned, and also perhaps publicity lighting, where 
the more dazzling and attractive a light the more suitable it is. 

Neon fulfills the above requirements admirably. With my colla- 
borator, Mr. de Beaufort, I have made tubes of small diameter which 
can be bent, easily twisted, and made into any shape desired, and which 
can provide either red or blue light. It might be expected that the 
minute quantity of neon in these tubes would only give them an 
ephemeral life, but I have had the pleasant surprise of finding that 
where a low current density is used at the electrodes small tubes last 
as long as large tubes. 

A tube which I have here has lasted 1,400 hours, and requires a 
current of 30 milliamperes. These small tubes work with a simple 
alternating-current transformer, which is replaced in the case of con- 
tinuous current by a rotating or Wehnelt interrupter. 

'The first cost of the installation is not much higher than that of 
ordinary apparatus, and a smaller amount of energy is consumed for an 
increased lighting effect. It therefore undoubtedly provides new scope 
for the indystry as regards publicity lighting. 
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APPLICATION OF MECHANICAL DEVICES TO 
THE ASSISTANCE OF MANUAL OPERATING 
IN TELEPHONE EXCHANGES. 


By W. SLINGO, Member. 
e 
(Paper read in Paris ata Foint Mecting of THE INSTITUTION with the Société 
Internationale des Electr ictens, 21st-24th May, 1913.) 


The British Post Office has been considering for some time past the 
question of the extent to which mechanical switching devices can 
be brought to the aid of operators in dealing with the traffic of 
ordinary manual exchanges. 

The most promising developments appear to be the three follow- 


пр: 


(a) Apparatus for evenly distributing traffic over a number of 
operators positions ; 

(b) A device for improving the transmission conditions on * B” 
positions where more than one call-wire is terminated ; 

(c) Equipment for selecting and isolating outgoing call-wire circuits 
in cases where several call-wires are used for operating a very 
large group of junction circuits. 


TRAFFIC DISTRIBUTOR. 


In ordinary circumstances an operator at a manual telephone 
exchange has the load of her position so arranged that she is left 
with a fairly large percentage of unoccupied time in the busy hour ; 
this is necessary to enable her to cope with the traffic during short rush 
periods. Also during the slack periods, when several positions are 
coupled, the conditions of operating are such that the load efficiency 
per position is considerably reduced. Some consideration, therefore, 
has been given to the feasibility of utilizing automatic equipment 
in such a manner that when a subscriber lifts his receiver his call will 
be transferred immediately to an idle operator. By this means it is 
expected that the percentage of idle operating time in the busy hour 
will be considerably reduced, and also, as it will be arranged that a - 
position can be rendered inoperative when not required, the whole of 
the traffic during slack periods can be thrown on to one or two positions 
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which will be operated with the same efficiency as obtained during the 
busy hour. 

The experimental arrangement which will shortly be installed in one 
of the London exchanges will provide for the replacement of the exist- 
ing lamps and jacks individual to the subscribers on each position by 
others, say то to 20 in number, common to the traffic-distributing 
apparatus. Each position will onlv be able to receive one call at a 
time, i.e. whilst an operator is answering one call one further glow 
can be received. All further traffic will pass forward to other 
positions. 

If several types of service be in force at the same exchange it will 
be necessary to reserve a separate section of the traffic-distributing 
apparatus for each such type of service. 

The traffic-distributing equipment will be subject to considerable 
interference in consequence of faults of such a type that a permanent 
glow is given on the calling lamp. For dealing’rapidly with faults 
of this type each position will have a special circuit to the testing 
operator's position, and this last-mentioned operator will be provided 
with group-testing apparatus which will enable her'to identify in the 
subscribers' multiple all circuits which are passed forward to her as 
faulty with permanent glows. 

The proposal outlined above provides only for the introduction 
of traffic-distributing equipment such as can be readily introduced at 
an existing exchange, and such as will permit of the continued utiliza- 
tion of the existing cord circuits. If such a scheme proves satisfactory 
in practice, future installations involving traffic-distribution apparatus 
will be designed on the basis of single cord connecting circuits without 
answering jacks. The traffic distributor will pass the call direct to the 
answering side of the cord circuit, and a single operation only will 
be involved in completing the connection with the subscribers 
multiple. 


FAiNT “В” POSITIONS SERVING SEVERAL EXCHANGES. 


Much difficulty has been experienced during recent years in large 
cities owing to the poor transmission conditions involved when several 
underground call-wires are connected to the same “ B” position. It is 
proposed to install experimentally a simple automatic call-seeking 
device which will enable one call-wire at a time to have access to 
the "^B" operator. It will be arranged so that the “В” operator can 
trip the apparatus in order that only one call can be passed by a 
particular exchange before the other exchanges working to the same 
position have each had an opportunity of passing a call. The “В” 
operator will be made aware of the necessity for using this tripping 
apparatus by the glowing of a lamp on her position, which will indicate 
the fact that an outlying exchange wishes to pass a call. By giving 
improved transmission it is expected that quicker operating will 
result, with comparative immunity from “ wrong numbers." 
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OUTGOING CALL-WIRE SELECTOR. 


On groups of outgoing call-wires between very busy exchanges much 
trouble has been experienced as a result of 


(a) confusion during busy periods owing to one operator interrupt- 
ing another in their desire to dispose of the traffic ; and 

(b) delay experienced by the “А” operators in finding a slack call- 
wire at such periods. 


Both these troubles result in reducing the load efficiency of the “А” 
operator and increasing the liability to “wrong numbers.” Ап auto- 
matic call-wire selecting equipment has been installed at the Central 
Exchange, London, which has for its object the selection and isolation 
of a call-wire when one is required by an * A" operator. There are 
10 call- wires in the group affected, and they were, before the introduction 
of the new conditions, operated from ro call-wire keys, the circuits of 
which were multiplied over 160 “A” positions. When the selecting 
equipment was introduced the ro keys per position were replaced 
by 1 key per position. 

Each operator is given a selector similar to that shown in Fig. 1, 
which rotates when she depresses her call-wire key. The rotation con- 
tinues until tbe wipers find an idle “ В” operator, when the “А” 
operator is able to pass her call Fig. 2 shows the apparatus assembly, 
Figs. 3 and 4 show enlarged front and rear views respectively of the 
centre bay, and Fig. 5 gives the circuit arrangement. An examination 
of these illustrations will render clear the following brief statement of 
the general facilities and technical details :— 


FACILITIES. 


I. When an "A" operator depresses her call-wire key, she is 
automatically connected to a disengaged “B” operator. 

2. More than one “A” operator cannot obtain connection with the 
same “ B" operator at the same time. 

3. A click is heard in the “A” operator's receiver when а disengaged 
call-wire is obtained. 

4. During periods when none of the “ В” positions are open a call- 
ing lamp on the “B” position switchboard glows when any of the 
call-wire keys on the “ A" positions are depressed. The night bellalso 
rings under these conditions. 

5. Any * B" position is capable of being rendered inaccessible to 
the “ A" operators by throwing a call-wire circuit key situated on the 
“B” operator's keyboard ; as, for instance, in cases where the position 
is closed or when all the junctions terminating on the position are 
engaged. 

6. When a “В” position is rendered inaccessible to the “А” 
operators as mentioned above, a lamp situated on the centre panel of 
the “В” position glows. 

7. И the “B” position is rendered inaccessible owing to its being 
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unoccupied, the above-mentioned lamp is capable of being extinguished 
by throwing a supervisor's control key fitted on the centre panel, 
without again rendering the position accessible to the “А” position 
selectors. 

In these circumstances this lamp glows again should the position 
become accessible owing to the accidental throwing of the call-wire 
circuit key, say during night-maintenance testing operations. 

8. A lamp located on the chief supervisor's desk glows when all the 
accessible * B” positions are simultaneously engaged with traffic pass- 
ing over the call-wires. The continued glowing of this lamp will 
indicate that delay is being occasioned, the “A” operators having 
difficulty in finding a free “B” operator, and that therefore additional 
“В” positions should be staffed to cope efficiently ,with the traffic. 
During the period when no positions are occupied the lamp will not 
glow, being disconnected when the special night-alarm key is thrown. 

9. The motor interrupter which supplies driving current to the ` 
selectors can be closed down during the period of night-working ; but 
will be restarted automatically when a call-wire key on an “ A" position 
is depressed, and will continue running until the selector has foundand 
stopped on the contacts corresponding to an accessible and disengaged 
“ B” position, or until the call-wire key is released. 

IO. Ап alarm is given when any of the spring sets belonging to the 
interrupter in use fail to make proper contact. Alsoin this case alamp 
lights, indicating which spring set requires attention. 


DETAILS OF SELECTIVE MECHANISM (see Fig. 5). 


Each “A” position is provided with a selector, and each selector 
has associated with it two relays, an R relay and a T relay. The con- 
tact banks of the selectors are multipled together and are connected to 
the group of “ В” positions, so that each “ B" position is represented on 
each bank by a separate set of contacts. The “ B" positions have also 
each associated with them an H relay and a retardation coil. 

The “a” and “b” arms of the selectors are connected with the 
"A" operator's telephone circuits through contacts of the associated 
T relays, and the selector bank contacts are connected with the “В” 
operators telephone circuits through contacts of the H relays. 

On the depression of a call-wire key by an '* A" operator, the arms 
of that selector which corresponds to the particular position concerned 
commence to seek over the contact bank, and automatically come to 
rest on the contacts of the first accessible and disengaged “ B " position. 
The T relay associated with the “A” position and the Н relay 
associated with the “В” position are now operated, so that the two 
speaking circuits are connected. 

On the release of the call-wire key on the “A” position the 
selector arms do not move from the position occupied. The T and H 
relays are, however, released, and disconnect the “А” operator's 
telephone circuit from the “B” operator's circuit. 
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During the time the call-wire is in use the T relay remainsoperated, 
and this renders the multiple contacts on the particular “В” position 
engaged against the other selectors by reducing the potential on the 
* t" contacts from 22 volts to nearly earth potential. The T relays of 
other selectors whose arms may pass over these contacts therefore will 
not be operated. 

When a “ В” position is rendered inaccessible to the selectors by 
the “ B” position call-wire key being normal, the battery is discon- 
nected from the “£” contacts corresponding to the position, so that in 
this case also the T relays of searching selectors will not be operated. 

Motor interrupters are used for supplying the interrupted current 
to drive the selectors. These are provided in duplicate, and there are 
also two separate sets of supply mains available for driving the motors. 

The interrupters themselves have each twenty sets of contact springs 
(ten of which are at present spare). Each spring set supplics driving 
' current to twenty selectors, these being distributed between four time- 
fase mountings, so that only alternate positions at the switchboard are 
supplied through the same fuse and spring set. 

In order to absorb the spark which would otherwise occur at the 
contacts of the interrupter springs, a circuit consisting of a 0'5 ohm 
resistance coil and a 4 mfd. condenser in series is bridged across each 
pair of springs. 

The current supplied to the interrupter spring sets is taken from a 
30-volt supply, and before being connected to the springs passes 
through the contacts of an electromagnetic switch. This switch is held 
in the operated position by the current driving the motor in use, and 
will release should this current fail ; in doing so it will disconnect the 
30-volt battery from the interrupter springs. In this way the driving 
magnets of the selectors are protected from receiving a continuous 
current through the interrupter springs should the interrupter come to 
rest with the springs making contact. 


ALARM SIGNALS. 


The usual alarms, indicating that a fuse or a time fuse is blown, are 
fitted. An alarm is also provided to indicate when a spring set on the 
interrupter in use is not making proper electrical contact, and is cutting 
off the supply of current from the driving magnets of the twenty 
selectors supplied from it. This alarm is operated by a relay (one 
relay per spring set), which is normally held up by interrupted current 
from the particular spring set. Should the interrupter springs fail to 
make proper contact, this relay in releasing lights a lamp indicating 
which is the faulty pair of springs, and also rings the alarm bell 
common to the distributor. 


OPERATION OF CIRCUITS. 


On the depression of a call-wire key by an “A” operator a circuit 
is closed through relay R. 
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Relay R operating contact 7’ is arranged so that the spring x makes 
contact with the spring 7 before contact is made with the spring y ; 
* therefore first prepares the circuit of the testing relay T from earth 
through T 300 and ro to the “t” arm of the selector ; and second, 
completes the circuit of the driving magnet. 

The other contact of relay R is used to complete the circuit of the 
night-bell relay and to start the motor interrupter during the period 
of night working. 

The circuit of the selector-driving magnet now being completed, 
the selector arms “а,” “ b," and “{” are driven over the bank of con- 
tacts representing the “ B" positions, and when a set of contacts repre- 
senting a free “ B" operator is found, the circuit of relays T (300 and 
ro-ohm coils in series) and H (50-ohm coil only) is completed through 
the arm “£” and a “ B” position call-wire key. | 

Relays T and Н are now operated, but relay Н, since its 150-ohm 
coil is short-circuited by one of its own contacts, is slow acting, and 
relay T is thus allowed to operate slightly before it. 

The line contacts of relay T connect the “ A" operator's instrument 
circuit to the selector arms “а” and “b,” and current then flows 
through the 2,500 + 2,500 ohm coil and the “ A" operator's instrument 
circuit. A click is given in the “ A" operator's receiver, denoting that 
а free “ В" operator has been found, and the potential difference 
between the arms “a” and “ b" falls to a small fraction of 22 volts. 

Another contact of relay T disconnects the circuit of the driving 
magnet, preventing further movement on the part of the selector arms, 
and also engages the “ B" position against other selectors by short- 
circuiting the 300-ohm .coil of relay T. Relay T now holds through 
its 10-ohm coil, and the T relay of any other selector testing on a mul- 
tiple of this contact will have its 300-ohm coil shunted by the ro-ohin 
coil of the engaging T relay, and will consequently not receive sufficient 
current to operate. 

The line contacts of relay H close, completing the circuit of the 
speaking leads between the “A” operator's and the “ B” operator's 
instruments. No appreciable click is produced in the “ В” operator's 
receiver when these contacts close, as the potential difference existing 
between the “a” and “5” wires is by this time reduced to a small 
value (see above). 

Of the further three contacts of relay H one contact closes and 
operates the meter associated with the “ B” position, registering one 
call; another removes the short-circuit from the 150-ohm coil of 
relay H ; and the remaining contact completes the portion of the circuit 
of the chief supervisor's lamp which belongs to the particular “В” 
position. 

The “A” operator will now pass the call to the * B" operator, and 
will be assigned a junction in the usual manner ; she will then release 
the call-wire key at the “A” position and disconnect the circuit of 
relay R. 

Relay R releases. 
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Contact r disconnects the circuit through the relays T and H, and 
here again it will be noted that the circuit of the driving magnet is 
opened at contacts x and y before the circuit of the T relay is dis- 
connected, thus preventing any possibility of the selector stepping 
forward during the period of releasc. 

Relays T and Н release. 

Of Relay T the line contacts disconnect the “А” operator's 
telephone circuit from the selector arms, thus preventing interference 
with other circuits when the arms comrgence to seek. 

Of the other two contacts of relay T one prepares the circuit of the 
driving magnet for further use, and the other prepares the night-bell 
circuit and the motor-starting circuit. | 

Of relay Н the line contacts disconnect the “B” operator's 
telephone circuit from the contact banks of the selector and open thc 
circuit through the retard coil К and the “ В” operator's telephone. 

Of the further three contacts of relay H, one releases the meter 
associated with the “ В” position, another short-circuits the 150-ohm 
coil of the relay H, thus making it again slow-acting ; and the remain- 
ing contact opens the circuit of the chief supervisor's lamp at this 
position. 

When it is desired to render a “ В” position inaccessible to the 
“A” position selectors, the call-wire circuit key on the “ В” position is. 
returned to normal. This disconnects the contacts on the “?” banks 
of the selector multiple from the H relay corresponding to that 
position. The T relays of selectors whose arms may seek over these 
contacts will therefore not be operated. 

When the call-wire circuit key on a “ B" position is normal a 
circuit is closed through : Positive, inside contact of call-wire circuit 
key, contact of pilot control key, busy pilot lamp, — 22 volts. This 
lights the busy pilot lamp situated above the position. Should it not 
be necessary for this lamp to remain lighted its circuit can be dis- 
connected by means of the pilot control key and the lamp extinguished. 
When the call-wire circuit key is now thrown another circuit is closed 
through : Positive, outside contact of call-wire circuit key, back 
contact of pilot control key, lamp, — 22 volts, and the lamp will again 
light. 

The circuit for the chief supervisor's lamp is completed when all 
the “B” positions which have not been rendered inaccessible to the 
selectors are simultaneously engaged. The circuit will then be from 
— 22 volts, through the pilot relay associated with the desk, the chief 
supervisor's lamp, contact of the special night-bell key, the contacts of 
relay H on those positions which are engaged, and the call-wire key 
contacts of those positions which are inaccessible to the selectors, 
to positive. 

If an "A" position selector develops a mechanical fault a spare 
selector can be connected up to the “ A" position affected as follows :— 

Take out the R relay fuse of the faulty “А ” position, insert the 
R relay fuse of the spare selector and connect a, b, and / terminals 
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of the two selectors together on the terminal strips above the selector 
racks. This procedure applies to other than mechanical faults on 
a selector, as is obvious from an inspection of Fig. 5. 

The moving part of a selector is removed by unsoldering the two 
wires from the driving magnet and loosening the two fixing screws ; 
the moving part will then slip out. 

If the supply to both interrupter motors fails the selectors must be 
adjusted by hand to distribute the trafic amongst the “ В” positions 
according to the requirements of the exchange manager. The 
ordinary method of call-wire working will then apply. 

The experimental equipment described above has been installed 
for the British Post Office by Messrs. Siemens Brothers & Co., Ltd. 


DISCUSSION. 


Mr. G. H. NasH : This paper is exceedingly interesting because it 
shows the present-day tendency towards the adoption of so-called auto- 
matic apparatus (i.e. apparatus designed especially for automatic 
exchanges) to assist in the solution of some of the difficulties of 
operation met with in manual exchanges. It is significant that the two 
most recent papers read in France by foreigners have dealt with this 
matter, the first being the paper delivered by Mr. J. J. Carty, Chief 
Engineer of the American Telegraph and Telephone Company, at the 
Sabonne in того, and the second, the present paper by Mr. Slingo, 
Engineer in Chief of the British Post Office. It will be remembered 
that Mr. Carty submitted that the modern manual exchange employs 
many automatic motions, and is therefore in a sense a semi-automatic 
exchange. Mr. Slingo's paper shows a still further drawing together of 
the manual and the automatic exchanges. Mr. Slingo has arranged to 
distribute all the calls. Would it not suffice to distribute only ro or 
15 per cent, making the others terminate on regular answering jacks as 
at present, and to level the load by a very careful distribution at the 
intermediate distributing frame? This would greatly economize in 
automatic apparatus, although the load could not be expected to be so 
well distributed. If complete distribution were adopted, the difficulty 
arises of how to identify the subscriber when necessary. Mr. Slingo 
has proposed one method—that of segregating the traffic distributors 
and using separate divisions for each class of service. There is 
another method that has been proposed whereby a large bank of lamps 
arranged on a prominent wall of an exchange would display the calling 
number when the operator handling the call pressed a button associ- 
ated with her cord circuit. Referring to the number of cord circuits 
per position with traffic distribution, present manual practice 
determines that 17 are as many as an operator can reasonably 
handle, but with traffic distribution it is believed that the operator 
can save approximately one second per call; in that case it seems 
possible to add 3 or 4 further cord circuits per position. Mr. Slingo 
mentions that, if traffic distributors prove satisfactory, new exchanges 
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will be provided with single-cord connecting circuits arranged so that 
the traffic distributor passes the call to the single-cord circuit and the 
plugging of this in the multiple will establish the connection. This 
would completely eliminate the answering jacks, but having gone thus 
far would it not be desirable to eliminate the cord and the troublesome 
and expensive multiple and introduce the so-called semi-automatic, a 
system that the French Government have decided to install at Angers 
and Marseilles ? 

Mr. W. SLiNGO (communicated reply): The points raised Бу 
Mr. Nash are appreciated. There are two experiments in contem- 
plation : (a) the distribution of the whole of the traffic to idle 
operators ; (b) the distribution of pre-arranged and relatively small 
amount of traffic to operators who are momentarily idle. The frst- 
mentioned scheme, in addition to giving facilities for evenly loading 
the operators at all times, affords means of concentrating all the traffic 
during the evening and other slack periods upon one or two positions, 
thus avoiding the present necessity for patrolling the board. The 
system under which the whole traffic is distributed will be more 
expensive in capital cost than that involving partial distribution ; there 
will, however, be a saving in the night staff and an improvement in the 
service. The whole question is clearly one involving a consideration 
of annual charges and of the grade of service rendered. The question 
of the relative advantage of semi-automatic and traffic-distributing 
exchanges is one that does not admit of generalization, and each case 
must be considered on its merits ; e.g. if a new exchange be installed 
in a large city where full automatic working may ultimately be 
installed, probably a semi-automatic plant would be suitable, but if in 
an existing large exchange with a high percentage of junction traffic 
an extension be required as a result of an unforeseen growth of the 
calling rate, the installation of a few additional positions having 
automatic distribution of trafic and no face equipment beyond the 
outgoing junction field would no doubt meet the difficulty 
economically. 
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APPLICATION OF WIRELESS TELEGRAPHY TO 
TIME-SIGNALS. UE 


By Commandant С. A. FERRIÉ. 


(Paper read in Paris at a Foint Meeting of THE INSTITUTION with the 
Société Internalionale des Electriciens, 21st-24th May, 1913.) 


For the ordinary needs of the “man in the street,” and also for 
numerous scientific requirements, it is indispensable to know the 
correct time of day ; it is thus important to measure intervals of time 
or to fix particular instants of time from a given moment. ‘The degree 
of accuracy to which time should be known is obviously not always 
the same. In some cases an accuracy of a few seconds is sufficient . 
in other cases, on the other hand, it is necessary to measure time with 
the greatest possible accuracy, say to 1-rooth of a second. 

For some years the majority of countries have fixed their legal time 
by means of “hour zones.” As is known, this system has its origin in 
the meridian of Greenwich which passes through the middle of the 
first zone. Each zone subtends an angle of 15 degrees, and the time 
consequently varies by exactly one hour from one zone to the next. It 
is thus, for example, that the legal time is the same in France and in 
England, whilst in Germany it is exactly one hour ahead of our time. 

In order that the legal time should everywhere be known with the 
accuracy desirable in each case, two problems have to be solved, viz. 
to determine the time and to transmit it. The determination of the 
time is carried out in observatories by means of instruments and 
methods with which we.are not here concerned. Time thus 
determined with the maximum accuracy possible is recorded by 
means of chronometers or clocks of great accuracy, and is then 
distributed at regular intervals by various methods to secondary 
centres, and thence to individuals. 

The principal agents of distribution are the railway and telegraph 
systems, for whom a knowledge of the correct time is essential. The 
principal departments receive the time directly from the neighbouring 
observatories by telegraph or telephone, and transmit it to stations or 
important telegraph offices. These, again, re-transmit it to other 
secondary offices, special firms, or watchmakers ; the latter receive 
and distribute it in various ways by means of watches, which are 
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afterwards used to regulate public clocks, from which ultimately the 
general public obtain the time. 

This distribution from one to another, and the number of re-trans- 
missions necessary in order that the time may pass from an observatory 
to a given clock, are often very extensive. The accuracy which can 
thus be obtained is not very great, as a result of the cumulative effect 
of inaccuracies introduced by the intermediaries. 

So far as the requirements of the general public are concerned, this 
lack of accuracy is not of much importance. "This, however, is not 
the case with the public services, eg. railways, where a relatively 
small inaccuracy in the time at a given station can bring about a 
scrious disaster. Navigators require a still greater accuracy, at least 
to half a second, in their knowledge of the legal time or of Greenwich 
time. which enables them to determine on the high seas one of their 
essential data, г.с. the longitude. For land surveyors, seismologists, 
explorers, and others, the necessary accuracy is still higher. In these 
various cases the legal time, or Greenwich time, is forwarded or kept 
by means of clocks or exact chronometers ; but it is indispensable that 
the correction to be made to the readings of these instruments should 
be determined as often as possible. 

The use of wireless telegraphy for distributing time allows all the 
above drawbacks to be avoided, and all the difficulties to which atten- 
tion has just been drawn to be overcome, by entirely doing away with, 
where necessary, all the intermediaries between an observatory and a 
given clock, Itis sufficient to connect this observatory to a radio- 
telegraphic station in which the apparatus is arranged so as to 
transmit at given hours wireless signals, their emission being con- 
trolled by the observatory. These signals, radiated in all directions 
with the velocity of light, can be received simultaneously on land or sea 
for considerable distances by all observers having clocks to regulate. 
The type of signals can be chosen, as we shall see later, so that the 
accuracy in the time thus received is of the order of one-hundredth of 
a second. Wireless transmission of time, by reason of its general 
applicability and accuracy, is far superior to all other systems. It 
allows, moreover, the attainment of the universal time standard 
theoretically resulting from the adoption of “hour zones”; and an 
International Conference held: at Paris in October, 1912, laid down for 
this purpose the basis of an international organization of time distribu- 
tion. I propose here to discuss briefly the methods studied and 
applied in France for the transmission and receipt of time signals by 
wireless telegraphy with various degrees of accuracy. 

A knowledge of time to an accuracy of a few tenths of a second 
suffices in the great majority of cases, and in particular for navigators, 
for business purposes, and for the general public. The method of 
transmitting the signals is then quite easy. At the Paris Observatory 
and the Eiffel Tower the method now adopted is as follows :—The 
true hourly signals are comprised of “ dots," or series of sparks, lasting 
about a quarter of a second, which are sent out at fixed hours, viz. 
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during the day at 10h. 45m. os., 1oh. 47m. os., and xoh. 49m. os. ; and 
during the night at r1h. 45m. os., 11h. 47m. os., and 11h. 49m. os. Each 
of these “ dots " is preceded by a scrics of preliminary signals with the 
object of calling the attention of observers and of allowing them to 
adjust their receivers. ln order that the true hourly signals, i.e. the 
dots, shculd be produced as exactly as possible at the desired instants, 
the following arrangements have been adopted :— 

A special clock in the observatory is provided with an electric 
contact which is closed autcmatically fcr a quarter of a second at each 
of the abcve-mentioned times. This contact is connected by mcans of 
an ündergrcund cable to a relay controlling the transmitter in the wireless 
station at the Eiffel Tower. In addition,a Morse key placed near the clock 
allows the preliminary signals to be produced. A short time before the 
sending out of the day and night signals the astronomer sets his clock 
after having compared it with the master clock of the Observatory, the 
transmitting apparatus is connected to the relay, and the sending out 
of the signals is effected in the manner described above. The lag duc 
to the mechanical and electrical inertia of the various apparatus 
between the instant of making contact by the clock and thc passing 
of tbe wireless spark, is measured periodically with great care, and 
allowance is made for this at the instant when the signal is sent. 

The Paris International Conference decided that from the ist July, 
1913, the sending of the signals shall be made at pre-determined times 
(differing for each station) in a uniform and entirely automatic manner 
by all the radio-telegraphic stations undertaking the service, the wave- 
lengths also being uniform (2,500 metres). The Eiffel Tower, which 
was chosen as the centre of the International time-service, will send 
its signals at 10 a.m. and at midnight. The morning signals will be 
made in the following manner :— 

A series of warning signals, consisting of the sign for letter “x” 
(—.. —), will be sent from gh. 57m. os. to gh. 57m. 50s., and this is 
followed by a period of silence of 5 seconds. From gh. 57m. 55s. to 
9h. 58m. os., thrce dashes lasting one second each, and separated from 
one another by periods of silence also lasting one second, the end of 
the last dash terminating at gh. 58m. os. exactly. During the following 
minute the letter “n” (— .) is sent flve times, the dash lasting one 
second and the dot one-quarter of a second, the interval betwcen the 
dot and the dash being also one second. Each of these letters is 
commenced respectively at gh. 58m. 8s., gh. 58m. 18s., gh. 58m. 28s., 
gh. 58m. 385, gh. 58m. 48s.; the dots therefore commence on the 
round 10 seconds, namely, ro seconds, 20 seconds, 30 seconds, 40 
seconds, So seconds. Three dashes similar to those of the preceding 
minute also terminate the second minute in such a way that the third 
dash terminates at 9h. 59m. os. During the third minute the letter “п” 
will be replaced by the letter “р” (— — .), of which the dots, dashes, 
and intervals, shall last the same time as in the case of the letter “п,” 
the “g” signals beginning at gh. 59m. 6s., gh. 59m. 16s., gh. 59m. 26s., 
9h. 59m. 36s., 9h. 59m. 46s., the dots of these letters falling on the round 
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IO seconds as in the case of the letter n." Finally, this third minute 
will finish with three dashes similar to those of the preceding minutes, 
the last dash terminating at roh. om. os. 

For receiving these hourly signals, termed “ ordinary," it is only 
necessary to have the antenna, its dimensions and height varying 
according to the distance from Paris, connected with a radio-telegraphic 
receiver, and to listen to the signals with the clock or watch to be 
compared in front of the observer. Itis easy for an unskilled person 
to estimate the difference up to one-half of a second between the hours 
indicated by the clock and those which correspond with the signals 
that are heard in the telephones of the receiver. After some practice 
it is quite easy to estimate one-quarter of a second. In order to reach 
an accuracy of one-tenth of a second it is in general necessary to have 
recourse to simultaneously recording on the same photographic strip 
the radio-telegraphic signals and the beats of the clock to be compared. 
Excellent results have in this way been obtained by various physicists 
and engincers. 

It frequently occurs, especially in winter, that the Paris Observatory 
is not able to make astronomical observations each night. It is there- 
fore necessary to be satisfied with the times registered by the chrono- 
meters, of which the rate is known, for setting the clock which sends 
the signals. These chronometers, being sufficiently numerous and 
accurate, cause no inconvenience so long as the cessation of astro- 
nomical observations does not exceed a few days. If, on the other hand, 
the period of cloudy weather continues too long, it is no longer possible 
to answer for the accuracy of the chronometers. Wireless telegraphy 
in such cases furnishes a method which allows of the co-operation of 
other observatories, better situated as regards climatic conditions, in the 
determination of the state of the master clock at Paris, and in conse- 
quence in the accurate setting of the clock which sends the signals. 

Before the ordinary night signals the Eiffel Tower sends a series of 
180 short “ dots" regularly spaced by 1 second less about 1-50th. In 
each series the 6oth and 120th “dot” are suppressed in order to 
facilitate counting by the observers. These “dots” are produced by 
substituting for the Observatory, clock sending the signals a small clock 
of adjustable rate and furnished with an electric contact wbich closes 
at each complete swing. This series of dots is received, by means of a 
radio-telegraphic installation, by the Paris Observatory and by other 
observatories, in each of which an operator, by means of a suitable 
atrangement, listens to the series of “dots” and also to the beats of the 
master clock or of another seconds chronometer. The two regular 
series of dots thus perceived by the Paris Observatory, for example, 
constitute an acoustic vernier, and during the time that the 180 radio- 
telegraphic “dots” last, three coincidences spaced 50 seconds apart 
occur between the radio-telegraphic “ dots" and the beats of the clock. 
By noting the time indicated by the chronometer at the moment of 
coincidence, as well as the number of the radio-telegraphic beats at 
which the coincidence occurs, it is easy to calculate the time of the 
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chronometer at the instant of the first beat of the radio-telegraphic 
series. If the time (Greenwich mean time) of a coincidence was, for 
example, 23h. 3om. 25s. the number of the stroke in coincidence being 
42, the time of the first beat must have been 23h. 30m. 258. — 41 (1 — 1/50) 
seconds = 23h. 29m. 44s. 82. 

The observer at Algiers, for example, proceeds in the same manner 
and determines, after allowing for the state of his chronometer and of the 
difference of longitude of Algiers, 23h. 29m. 44s. 13 for the time 
(Greenwich mean time)of the same first beat. These figures are atonce 
telegraphed by wire to the Paris Observatory, followed by the note 
“ observed" when the Algiers Observatory has been able to make 
astronomical observations for the determination of the state of its own 
chronometer. The observatories at Marseilles, Nice, Besancon, etc., 
dc the same. Paris is therefore able to determine the state of its 
master clock by utilizing in reality all the astronomical observations 
made by all the provincial observatories. The signals sent out have 
therefore the maximum accuracy now attainable. 

The Paris International Conference, October, 1912, has decided 
that the sending of these series of beats, which it has termed 
"scientific time signals," shall be preserved in the international 
organization of time service, and that the foreign observatories shall 
also co-operate as far as possible in the same way towards the 
improvement of the time transmitted bv the international time centre 
of Paris. 

By the same method it will be possible to realize the practical 
unification of the time sent by the different radio-telegraphic stations 
engaged in the international time service. In each of these stations 
the scientific time signals sent cach evening by the Eiffel Tower will 
be received and compared with the beats of the master clock of the 
observatory with which the station is connected, and on each occasion 
the time of the first beat will be worked out from the master clock. 
As the Eiffel Tower sends, after the ordinary night signals, figures 
indicating the time of the first scientific signal preceding the latter, 
each of the other radio-telegraphic time stations will know the amount 
of correction to be applied to its own time, and will thus be able to 
take this correction into account for the next subsequent emission of 
time signals. 

This practical standardization has many advantages, especially for 
mariners sailing within the zone of action of two stations or passing 
from one zone to another, as they will no longer, as now happens when 
checking their chronometers, suffer from the uncertainty that arises 
due to two stations emitting signals which differ by -half a second 
or even morc. 

The same method also enables land surveyors and astronomers to 
compare to an accuracy of iàjsth of a second the time-measuring 
instruments placed at two or more points of the earth's surface within 
the zone of action of the same station, and thereby considerably 
facilitates the determination of differences of longitude. 


794 FERRIÉ: APPLICATION OF WIRELESS [94th May, 


It is sufficient, by means of astronomical observations at each point, 
to determine the difference between the local time and that of the 
time-measuring instrument, and, taking into account this difference 
and the rate of working, to calculate the time of the first beat of a 
series of signals sent bv the station, in the same manner as in the case 
of scientific time signals. To secure greater accuracy in the 
comparisons the beats are in general at intervals of about (1 —тф$в)їһ of 
asecond. When the signals are made in summer time in hot countries, 
where natural clectric disturbances are intense, it is necessary to 
substitute dashes for radio-telegraphic dcts, as the former are more 
easily observable through the disturbances, especially when musical 
sparks are used. At the same time it must be pointed out that the 
accuracy of coincidence, which is then in respect of the beginning of 
the dash, is not as good as in the case of dots, especially when the ear 
only is relied upon. It is likely, however, that the accuracy will be 
appreciably increased when the signals аге photographically 
registered. 

It has already been possible by means of wireless telegraphy to 
determine the differences of longitude between Paris and the following 
places :— Brest, Bizerta, Brussels, Algiers, Toulouse, and Nice. In the 
delimitation now being carried out of the Franco-Liberian and Franco- 
German frontiers of the Congo at Cameroon, use is made of wireless 
telegraphy for the determination of the longitudes. Numerous points 
have been determined in the same manner in Morocco by the Army 
Staff by using solely the scientific signals emitted nightly from the 
Eiffel Tower. It is casy to foresee the important services which this 
method will ultimately render in the surveying of Central Africa and 
of similar parts of the globe which are difficult of access, and where 
ordinary surveying methods cannot be used. 

When the large wireless systems now under consideration by certain 
countries, and especially by France, Great Britain, and the United 
States, have been established, it will be possible for the continents 
to be connected with great accuracy, and also to include some 
of the more distant islands, of which a large number are at present 
only imperfectly connected, and by means of wireless telegraphy to 
encircle the globe for the determination of the differences of longitude 
between intermediate stations. i 

France and the United States have already resolved to determine 
by means of wireless telegraphy the difference of longitude between 
Paris and Washington with the greatest accuracy now attainable. 
Preliminary observations were made last March with the object of 
getting an idea of the difficulties of such a determination, and of 
laying down a programme of final operations. Notwithstanding 
the somewhat low powers available at the French and American 
stations (Eiffel Tower, 40 kw.; Arlington, 6o kw.), and the great 
distance apart (6,000 km.), it has been possible to make numerous 
observations in both directions in spite of the serious difficulties caused 
by the powerful disturbances of all kinds which interfered with the 
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tests. A photographic record of the Paris signals has also been 
obtained at Arlington. It was even possible on one occasion (one 
night out of twelve) to carry out a complete conversation between 
the two stations. A first approximation of the difference of longitude, 
to an accuracy of a few 1ooths of a second, will shortly be published, 
after the completion of the astronomical calculations. The final 
observations will probably be made during the winter of 1913-14. 

It is interesting to note that in the case of long distances, such as that 
between Paris and Washington, it is essential to take into account the 
time necessary for the transmission of the impulse. On the assump- 
tion that the velocity is the same as that of light, namely, 300,000 
kilometres per second, the time required for the transmission of the 
signals from one station to another is 0°02 second, which is not a 
negligible quantity. 

Special experiments are under consideration for the direct measure- 
ment of this time of transmission. Various methods will be employed, 
and among others the following :—Short signals will be sent, 
alternately, per group of four, two each from the Eiffel Tower and from 
Arlington, with the shortest possible intervals of time ; for instance, ten 
seconds between two consecutive signals. These four signals will be 
recorded in Paris and in Washington by means of photographic 
galvanometers with a rapid and uniform swing, simultaneously with 
the vibrations of a tuning fork for measuring the time. It is probable 
that it will thus be possible to determine accurately the 1-roooth part 
of a second, and that this will enable the observers to determine the 
speed of transmission to two significant figures. This may lead to 
some interesting results in connection with the respective effects of 
air and water on wave transmission between Europe and America, 
since the velocities are functions of the index of refraction. 

It will be seen that the application of wireless telegraphy to time 
signals is of considerable interest from the practical as well as from 
the scientific point of view, and we must congratulate ourselves on the 
results of the International Conference held in Paris in October, 1912, 
on the initiative of the Bureau des Longitudes. 

In conclusion, I should mention the important part taken in the 
solution of the various problems of wireless telegraphy by the various 
departments of the French State and by private experimenters. 
Among others I should mention the Observatories of the Bureau des 
Longitudes and of Paris, the Hydrographic Department of the 
Admiralty, the Surveying and Wireless Telegraph Sections of the 
Army, and also Messrs. Claude and Driencourt. Finally, Mr. Abraham 
and Mr. Turpain have both independently produced exceedingly. 
ingenious devices for the recording of signals. 


Professor 
Turpain. 
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DISCUSSION. 


Мг. W. DUDDbELL: The signals sent out from the Eiffel Tower are 
received very distinctly in London. А difference in time bas been 
noticed between the signals sent out from Norddeich and the Eiffel 
Tower and those transmitted from Greenwich over the Post Office 
lines; the new arrangement devised by Commandant Ferrié will 
doubtless remedy this. 

Professor A. TURPAIN : I must thank Commandant Ferrie for his kind 
reference to my experiments. It is more than three years ago since I ob- 
tained the first photographic records of very distant wireless time-signals. 
At that time those time-signals were sent out at 8.30 p.m. (gth-22nd 
May, 1910), and by using the spot of light of a Thomson galvanometer 
I. was able to record them photographically. With the idea of avoiding 
the photographic process I introduced later a recording microammeter, 
the pen of which gave a very small but very clear record of the hourly 
signals received by an electrolytic or crystal detector. The delicate 
nature and the small size of these records resulted in my abandoning 
the recording microammeter and returning to the photographic method, 
making use of the principle of the microammeter. Its moving coil 
was extremely light, and was arranged in a suitable magnetic field. 
А complete experimental investigation of the conditions of maximum 
sensibility of my arrangement led me to construct two types of galvano- 
meter with bifilar suspended coils, the constants of which I have given 
elsewhere.* One of the most sensitive types (giving a deflection of 
I mm. per ġo microampere) has a comparatively short period of swing 
(o'r second), and the moving parts weigh about 1'2 grammes. The field 
giving the most satisfactory results is about 3,000 gauss, obtained by 
means of an electromagnet. The other type, which is not so sensitive, 
has a much more rapid swing, and 1 microampere gives a deflection 
of only 1 mm. Its period of swing, however, is only +3, second, its 
moving part weighing about o1 gramme. А field of 1,200 gauss 
obtained from a permanent magnet suffices for this purpose. What- 
ever type of coil is employed, the method adopted for recording the 
readings is of marvellous sensitiveness. А ribbon driven at a speed of 
o'I metre per second is unwound in front of the spot of light, and by 
reading the trace to within about o'5 mm. it is possible, without using 
any special means, to obtain an accuracy of 54s second, and by using 
a reading microscope to reach much greater accuracy. Besides, it is 
possible to make use of very powerful magnetic fields, such as 32,000 
gauss, as I did with the recording microammeter.] Under certain 
conditions, for instance, by using frames as narrow as possible, less 
accurate records are obtained, but on the other hand exceedingly rapid 
signals can be received, and ņġsth of 44sth of a second can be easily 
distinguished. The recording of a radiotelegraphic trace of such a 
long-distance time-signal in the same second as that in which it is 


* Bullelin de la Société Internationale des Électriciens, vol. 3 (3rd Series). p. 299, 1gx 3. 
t Sournal de Physique, vol. 1 (sth Series), p. 1003, 1911. 
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sent out appears to me to be far preferable where several signals 
sent out at the same moment have to be compared by the “ coinci- 
dence" method. This method, apart from the error inherent to 
its use, namely, the unavoidable uncertainty of the exact moment 
of coincidence, does not leave any mark which can assist the 
memory, if necessary, and so prevent error. If the traces and the 
seconds correspond with smaller and smaller intervals—say, 1 second 
and 0:99 second or 0:995 second, instead of 1 second and o'98 second— 
a sort of audible vernier is obtained. Just as two marks of a vernier 
are interposed between two marks on the scale, so two traces occur 
between two seconds, increasing the clearness and accuracy of the 
coincidence. Owing to the position of the trace in the duration of the 
second three seconds of the record are sufficient to determine a given 
instant. With the coincidence method, however, it is necessary to 
record 180 traces or listen to the beats for three or even five minutes if 
it is desired to increase the accuracy. Other conditions being the 
same, there are much more likely to be stray signals in the course of 
three or five minutes than in such a short time as three seconds. We 
know that the earth has in addition to its two main movements, namely, 
its annual rotation around the sun and its diurnal rotation on its own 
axis, several other movements of minor importance. "These secondary 
movements are so complex as to have caused the earth in its journey 
through space to be compared with a soap bubble rotating and pulsat- 
ing whilst bathed in the rays of the sun. "There is first of all the pre- 
cession of the equinoxes, which displaces the axis of the earth 
relative to the heavens, and which in 13,000 years will substitute 
Vega, one of the beautiful blue stars of the constellation Lyra, for 
the present pole star. The pole star in Ursa Minor will come back 
into line with the axis of the earth after 25,000 years. Another 
movement is continually displacing the poles of the earth. A large 
body of waver drifts each year over the surface of this planet owing to 
the evaporation of the oceans, which takes place more particularly in 
the neighbourhood of the equator, and also owing to the freezing of the 
water in the polar regions. This body of water amounts to as much as 
750,000,000 tons. For this reason, by making use of the theorem of areas, 
the axis of rotation of the earth, even if it were fixed in space, would 
not always pass through the same point on theearth. The poles them- 
selves move about, and their displacement amounts to about 20 metres, 
which corresponds to 0°6 second of arc ог to 14g second of time. In 
thus determining the time correct to +35 second we are able to deter- 
mine longitude with a higher accuracy than the variation which takes 
place in the course of time. Finally, there is a terrestrial movement 
which has only recently been observed, and which has been compared 
with a kind of breathing. The combined attraction of the sun and 
moon, whilst giving rise to the tides, acts at the same time on the solid 
mass of the earth. The earth is sufficiently elastic for the level of the 
continents to change each day owing to this attraction, the amplitude of 
the motion being about 40 cm. The above remarks are sufficient to 
VoL. 51. 47 
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show the importance of determining and recording time to a high 
degree of accuracy. For these applications in geodosy of high 
accuracy it appears to me to be far preferable to record a long- 
distance time-signal in the same second as that in which it has been 
sent out than to employ the method of coincidences—that is to say, 
as far as comparison of several local times at the same instant is 
concerned. In conclusion, I should like to reinstate to some extent 
the crystal detector, which admittedly has not the constancy of the 
Fleming valve, but which, nevertheless, has certain useful features. 
The one which I have actually been using has not been re-adjusted for 
more than two months, and it was with this detector from Poitiers that 
I repeated before the Société Internationale des Électriciens, on the 
2nd April last, certain of my experiments. It still retains its sensi- 
tiveness, notwithstanding two journeys in company with some heavy 
accessories, and on which the parcel would be somewhat roughly 
handled. I think that the constancy of this crystal has been proved. | 

Professor Н. ABRAHAM: I should like to mention that in the experi- 
meuts in which I took part in conjunction with Commandant Ferrie 
with the object of directly measuring the speed of electric waves at 
the surface of the earth, the chrono-photographic records of the wire- 
less signals were obtained with an accuracy of 454s5 second, and even 
at the Time Conference in 1912, I showed various records of wireless 
time-signals allowing time to be measured to 4555 second. In con- 
nection with the use of any set of signals for measuring time graphically 
it must not be forgotten that the Abbé Lucas showed at the same 
Conference a very interesting record of wireless signals obtained with 
a Wulf electrometer or with the Einthoven string galvanometer. The 
work of the Abbe Lucas described in the Revue des Questions Scien- 
lifiques, January, 1913, deals with similar questions to those that have 
been explained by Professor Turpain. 

Commandant FERRIÉ (in reply): I have not Professor Turpain's enthu- 
siasm for crvstal detectors, although their sensitiveness may sometimes 
be remarkable. The latter is most frequently in inverse ratio to the 
stability of such detectors, and it is often very rapidly destroyed by 
very strong signals and by violent atmospheric disturbances. It is 
probable that Professor Turpain's detectors which have shown such 
strength and ‘proved so stable were not very sensitive, for they did 


not need to be very sensitive in order to receive the Eiffel Tower 
signals at Poitiers and at Paris. 
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ELECTRIC LOCOMOTIVES. 


By F. LYDALL, Member. 
(Paper first received 7th April, and in final form 18th Fuly, 1913.) 


In bringing before the Institution the subject of electric locomotive 
design I am conscious of the difficulty of putting forward any con- 
siderations which have not already been discussed elsewhere. The 
subject does not seem to have attracted a great deal of attention in this 
country in recent years, principally because several prominent electrical 
engineers have frequently stated that the time is not yet ripe for the 
electrification of main-line railways. These statements were the more 
remarkable and no doubt carried the more weight because they formed 
the one solitary point of agreement between two disputants antagonistic 
in everything else. 

In the United States, and especially in New York, local conditions 
brought to the front the question of designing powerful locomotives 
suitable for hauling heavy passenger trains through long tunnels, more 
particularly the tunncls connecting Manhattan Island with Long Island 
and the mainland. In the presence of this necessity the problem of 
locomotive design acquired a reality which would otherwise have been 
absent, and in consequence many discussions have taken place before 
the American Institute of Electrical Engineers and elsewhere bearing 
on this matter. 

On the continent of Europe, and more particularly in Germany and 
Switzerland, there has of recent years been a great development of 
electric traction on railways, not so much on the suburban portions 
where traffic is very dense, but on the main lines where only locomotives 
can be profitably employed. This development is quite different in its 
. origin from that in America, in that it has not come about through the 
force of circumstances but is almost entirely the result of thorough- 
going and extensive studies on the part of the various railway authorities 
into the advantages of electric operation over steam operation. 

In this country local conditions have not forced the problem to the 
front, and the constitution of our railways is not such as to facilitate a 
general examination of the question of main.line electrification or the 
carrying out of experimental installations for the purpose of testing 
theoretical conclusions. Apart from this, the low price of fuel for steam 
locomotives and the absence of water power make the advantage of 
substituting electricity for steam much more problematical in this 
country than in other countries where coal may cost three times as 
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much as we are accustomed to pay for it and where water power 
is abundant. 

In the face of these drawbacks, however, railway engineers on more 
than one of our main lines have seriously tackled the problem, and in 
spite of the gloomy prognostications of electrical engineers, there now 
seems to be some prospect of extensive electrification schemes being 
taken in hand, in which many questions of locomotive design are bound 
to come up for consideration, The object of this paper is to bring 
forward some of these considerations, not in order to make any definite 
ex cathedra statements, but to direct attention to them and to the rela- 
tions between them and certain well-known facts of motor design, 
properties of materials, and general practice in railway engineering. 

By way of introducing the subject I propose to give a few details of 
various locomotives actually in service or in course of construction, and 
then to refer to certain considerations which in my opinion must be 
taken into account in settling the design of a locomotive to meet a set 
of specifled conditions. 

The list of locomotives does not pretend to be exhaustive, but it is 
intended to give an example of each different class of locomotive 
together with some particulars of one of each class. 


PART I. 


I. Simple type of two-axle locomotive with central cab and sloping 
ends.—The motors are supported with the tramway type of suspension, 
and are geared to the driving axles. Very many locomotives of this 
class аге at work on the Continent and in the United States and a certain 
number in this country. Fig. 1 shows the general construction of a 
locomotive of this class. 

2. Simple bogie locomotive.— The body is built on a frame of steel 
channels, etc., and usually consists of a driver's cab in the centre 
between sloping ends. Cross members of the body frame carry the 
bogie centres and side rubbing blocks. The body rests on a pair of 
bogies each equipped with two motors. These motors are geared to 
the axles and suspended in the ordinary way. As an example, Fig. 2 
shows the freight locomotive supplied to the North-Eastern Railway by 
the British Thomson-Houston Company; a few particulars are given 
in Table I, column 2. This class of locomotive can also be constructed 
with a sunk cab, provided there is sufficient space between the bogies. 

3. Articulated four-axle locomotive.—Under certain circumstances 
the foregoing locomotive fails to meet some of the conditions for which 
it would be naturally intended, namely, when it is used for hauling 
trains round very sharp curves. Under such circumstances it is very 
probable that the buffers of the locomotive will get locked with those 
of the wagons. To overcome this difficulty there are two possibilities ; 
first, to put the buffers and drawgear on the bogies ; second, to con- 
struct the locomotive in two halves articulated together with links, 
each half having two fixed axles with motors geared to them in the 
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usual way. The latter alternative, at all events for moderate-sized 
locomotives, leads to a cheaper and simpler construction ; but where 
powerful engines running at fairly high speeds are required the former 
alternative is probably to be preferred. Fig. 3 shows the "general 
arrangement of one of the locomotives supplied to the Harton Coal 
Company by Messrs. Siemens Brothers Dynamo Works, and a few 
particulars are given in Table I, column 3. 

4. Articulated bogie locomotive.—The difficulty of constructing a 
bogie locomotive capable of exerting a tractivc effort equal to the 
strength of standard drawbars, in such a way that the bogie centres 
are not subjected to excessive stresses, can be met by articulating the 
two bogies at their inner ends and fitting buffers and drawgear on the 
outer ends. One bogie centre is fixcd and the other free to move 
within small limits so as to allow the bogies to radiate. The loco- 
motive body, which in this way is not required to transmit any draw or 
buffing stresses, is carried by the bogies in the ordinary way, and 
provides accommodation for the driving equipment, the control gear, 
and the brake apparatus. Fig.4 shows the general arrangement of the 
Detroit-River- Tunnel locomotives which haul the trains of the Michigan 
Central Railroad from the United States to Canada through the tunnel, 
8,373 ft. long, under the Detroit River. Similar locomotives are in 
use on the Baltimore and Ohio Railroad for hauling the steam trains 
through the Baltimore tunnels. 

To ensure easy riding the spring suspension system is specially 
designed with a view to flexibility. The bearing springs on one bogie are 
equalized longitudinally ; on the other bogie the bearing springs of one 
axle are suspended from fixed points, those of the other axle being 
equalized transversely. Column 4 in Table I gives a few particulars. 

5. Bogie locomotive with raised motors.—Fig. 5 shows the general 
arrangement of the bogie locomotive of this class on the New York, 
New Haven, and Hartford Railroad. The motors are geared to the 
driving axles, but instead of being in the usual position they are 
vertically above the axles. To allow of the ordinary vertical move- 
ment of the axle-boxes without any corresponding movement of the 
motors the wheels are driven by spring couplings attached to spiders 
carried by hollow shafts surrounding the axles. The gear wheels which 
mesh with the pinions on the armature shafts are mounted on these 
hollow shafts. Particulars are given in Table I, column 5. 

6. Bogie locomotive with twin geared motors.—Fig. 6 shows the 
articulated bogie locomotives of the New York, New Haven, and 
Hartford Railroad. This is a modification of the type shown in Fig. 5, 
each single motor being replaced by a pair of smaller motors gearing 
on to the same gear wheel on the hollow shaft. As the maximum 
speed to be attained is fairly high, each bogie is fitted at its outer end 
with a pony axle. Particulars are given in Table I, column 6. 

7. Bogie locomotive with geared motors and connecting rods.— 
Fig. 7 shows the general arrangement of the locomotive on the St. 
Polten Mariazell Railway in Austria. In this case the locomotive body 


742 LYDALL: ELECTRIC LOCOMOTIVES. 


is carried on two three-axle unsymmetrical bogies. Each bogie is 
equipped with a single motor geared to a countershaft. The counter- 
shaft which carries the gear wheel is slightly above the driving axles, 
and is connected: with them by cranks and slotted connecting rods. 
The brasses of the crank pins on the countershaft cranks fit in the 
slots in the connecting rods, so that the driving axle-boxes are free to 
move up and down without transmitting their vertical movement to 
the countershaft. The motor is mounted on the top of the bogie 
frame, and is situated between the centre and the inner end of the 
bogie, the bogie pivot being displaced from the geometric centre 
toward the outer end. The locomotive was specially designed for a 
narrow gauge, the special advantage of the construction being that the 
motor is not limited in width by the space between the wheel flanges. 
Particulars are given in Table I, column 7. 

8. Bogie locomotive with geared motors and connecting rods.— 
Fig. 8 shows the general arrangement of the bogie locomotive supplied 
by the Oerlikon Company for the Lótschberg Railway. This is very 
similar to the previous locomotive, the principal difference in the 
mechanical arrangement being the substitution of the slightly inclined 
connecting rod between the countershaft and the inner driving axle of 
each bogie for the slotted connecting rod already described. Particulars 
are given in Table I, column 8. | 

9. Gearless locomotive with armatures built on the driving axles.— 
The principal examples of this method of construction are the con- 
tinuous-current locomotives of the New York Central and Hudson 
River Railroad, which are shown in outline in Fig. 9. 

The special feature of this design is the construction of the motor 
as a two-pole motor, the armature being built direct on the driving axle, 
and revolving between two vertical pole pieces. The pole tips are 
chamfered off just sufficiently to allow the axle with the armature and 
the wheels to be removed without in any way interfering with the field 
magnets. The field-magnet system of the four motors forms part of the 
frame of the locomotive. As the locomotive is designed for high-speed 
passenger service, it is provided with a leading and a trailing four- 
wheeled bogie. Particulars are given in Table I, column 9. 

IO. Gearless locomotive with motors built on hollow axles con- 
centric with the driving axles.—Fig. то shows the arrangement of the 
New York, New Haven, and Hartford single-phase continuous-current 
locomotives of this class. The hollow axle, or quill, on which the 
motor is built is bored with sufficient internal clearance to permit the 
usual vertical movement of the axle-boxes in their guides without 
actual contact between the quill and the axle. The quill carries at 
each end a spider which forms a flexible coupling with the driving 
wheel. The locomotive is arranged as a double-bogie machine, each 
bogie having two driving axles and a single-axle sub-truck at its outer 
end. Particulars are given in Table I, column ro. 

II. Classi—C—1 locomotive with two motors coupled to three driving 
axles by one pair of slotted connecting rods and two pairs of ordinary 
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connecting rods. This design has been worked out on the Continent 
by Kando, and is used on several railways, including the Valtellina 
Railway in Italy and the Simplon Tunnel line connecting Switzerland 
and Italy. A similar arrangement is used on the Giovi Railway loco- 
motives, except that all five axles are coupled together. Fig. 11 shows 
the arrangement of the locomotives on the Valtellina Railway. Par- 
ticulars are given in Table I, column rr. 

12. Class o—D —o locomotive with two motors driving four axles by 
ordinary connecting rods.— The principal feature of this design, which 
is shown in Fig. 12, is the arrangement of the leading and trailing 
driving axles that are allowed to radiate and yet are coupled up with 
the other driving axles by connecting rods. This is effected by 
mounting the outer pairs of wheels on hollow shafts surrounding the 
actual driving axles. The latter run in fixed bearings and are coupled 
up by cranks and connecting rods to the other driving axles. The 
hollow shafts are fitted at their centres with flexible half-couplings 
engaging with similar half-couplings on the fixed axles passing through 
them, so that the wheels are driven by the fixed axles but are at the 
same time free to radiate. Fig. 12 shows the arrangement of the loco- 
motives supplied by Messrs. Brown Boveri for the Simplon Tunnel 
Railway. Particulars are given in Table I, column 12. 

I3. Class 1—C—1 locomotive with two jack shafts, and two motors 
mounted in the ends of the body.— Fig. 13 shows the arrangement of 
the locomotive of this class built by the firm of Maffei in Munich and 
equipped by Siemens Schuckert for the Baden State Railways for 
service on the Wiesental line. Ten locomotives were ordered, but the 
one shown in Fig. 13 was built first in order that the design might be 
thoroughly tested before the others were put in hand. ‘The tests were 
carried out on the electrified line between Dessau and Bitterfeld with 
very good results. The remaining nine locomotives are now being 
built to a slightly modified design referred to below and shown in 
Fig. 21. Particulars are given in Table I, column 13. 

I4. Class 1—C—1 locomotive with two jack shafts and two motors 
mounted near the centre of the locomotive body.—Fig. 14 shows the 
general arrangement of the locomotive supplied by the Allgemeine 
Elektricitats Gesellschaft to the Chemin de Fer du Midi in France. 
This experimental locomotive is one of six ordered іп 19o9 from six 
different electrical firms and set to work in 1912. The particulars 
given in Table I, together with the details contained in Fig. 14, show 
the differences between this locomotive and the 1—C—1 іп Fig. 13. 
Particulars are given in Table 1, column 14. 

15. Class 1—B + B—1 articulated locomotive with one motor and one 
jack shaft in each half.— The motor is mounted in the body, nearly but 
not quite vertically above the jack shaft, the latter being coupled to the 
motor shaft and the driving axles by cranks and connecting rods in the 
ordinary way. Fig. 15 shows the locomotive of this class ordered from 
the Allgemeine Elektricitits Gesellschaft for the Lótschberg Railway. 
Particulars are given in Table I, column 15. 
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16. Class 2—B + B—2 articulated locomotive with one motor and 
one jack shaft in each half.—In this case the jack shaft is not immedi- 
ately below the motor but is between the driving axles and the leading 
bogie and is connected to the motor shaft by connecting rods inclined 
at about 45 degrees to the vertical. Fig. 16 shows the arrangement of 
one of the Pennsylvania Railroad locomotives, several of which have 
been supplied by the Westinghouse Electric Company. Particulars 
are given in Table I, column 16. 

17. Class 2—B—1 locomotive with a single motor and a single jack 
shaft vertically below the centre of the motor.— Three locomotives of 
this class have been supplied by the three principal electric firms in 
Germany for the Dessau-Bitterfeld line on the Prussian State Railways. 
The three locomotives are similar in many respects, the motor capacity 
of the different locomotives being as follows :—Siemens 1,100 h.p. ; 
A.E.G. 1,200 h.p.; Bergmann 1,500 h.p. Fig. 17 shows the arrange- 
ment of the Siemens locomotive. Particulars are given in Table I, 
column 17. 

I8. Class o—D—o locomotive with single motor and single jack 
shaft.—Five locomotives of this class have been supplied by different 
German firms for freight service on the Dessau-Bitterfeld line. Three 
of these are equipped with single motors of 600 h.p. capacity, the 
remaining two with motors of 800 h.p. Fig. 18 shows the arrangement 
of the locomotives. Particulars are given in Table I, column 18. 

I9. Class 1—D—1 locomotive with two motors and a single jack 
shaft.—Two locomotives of this class have been constructed for the 
Lauban-Kónigszelt line on the Prussian State Railways, one by 
Siemens Schuckert, and the other by the Allgemeine Elektricitats 
Gesellschaft. The two motors are mounted in the body of the loco- 
motive symmetrically about the centre line, and their shafts are coupled 
by cranks and connecting rods approximately at right angles to the 
single jack shaft, which occupies a central position midway between the 
two pairs of driving axles. Fig. 19 shows the arrangement as carried 
out in the locomotive equipped by Siemens Schuckert. That by the 
Allgemeine Elektricitats Gesellschaft is similar but has two goo h.p. 
motors, and driving wheels of 1,500 mm. diameter. Particulars of the 
Siemens 1—D—1 locomotive are given in Table I, column 19. 

20. Class t—C—o locomotive with one motor and a single jack 
shaft.—Nine locomotives of this class have been built by the Allgemeine 
Elektricitáts Gesellschaft for the Mittenwaldbahn in Austria, and eight 
are under construction by the same firm for the Vienna-Pressburg line. 
The locomotive has three driving axles with a single jack shaft about 
the centre of the locomotive coupled to the motor, which is mounted in 
the body of the locomotive above the middle driving axle. The 
arrangement is shown diagrammatically in Fig. 20, and a few particu- 
lars are given in Table I, column 20. 

21. Class 1—C—1 locomotive with two motors unsymmetrically 
placed in the body connected to a single jack shaft midway between 
them.— Nine locomotives of this class are under construction by 
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Siemens Schuckert for the Baden State Railways for service on the 
Wiesental line. Fig. 21 shows the arrangement, and a number of 
particulars are given in Table I, column 21. 

22. Class 1—C—1 locomotive with a single motor and a single jack 
shaft.—A number of these locomotives are under construction by the 
different firms in Germany for the Prussian State Railways; three are 
equipped with a 1,000 h.p. motor in each, one with a motor of 1,250 h.p., 
and one with an 1,800 h.p. motor. The last mentioned, which is a 
Siemens locomotive, is shown in Fig. 22, and a few particulars relating 
to the mechanical part and thc electrical equipment are given in 
Table I, column 22. 

23. Class 1—C + C—1 articulated locomotive with one motor and 
one jack shaft in each half.—Thirteen locomotives of this class intended 
for heavy freight service on the Kiruna-Riksgraensen Railway are 
under construction by Siemens Schuckert. Some particulars are given 
in Table I, column 23, and the general arrangement is shown in 
Fig. 23. 


PART II. 


Having now briefly mentioned a number of electric locomotives 
already in service on various parts of the world or shortly to be com- 
pleted, I propose to discuss in the light of the experience gained with 
these locomotives whether one particular construction rather than 
another is preferable to meet certain specific requirements. 

In approaching such a discussion it may perhaps be stated that the 
ease or difficulty of arriving at a satisfactory design depends greatly on 
the simplicity or the reverse of the requirements to be met. It may be, 
though in my opinion this is not always the case, that with a given set 
of conditions corresponding with the conditions of a certain class of 
traffic the solution presents no difficulty ; whereas if the requirements 
embrace the operating conditions of two different classes of traffic to 
be handled by one and the same locomotive, then the choice of the 
most suitable type is far more an open question. 

In the near future when comprehensive schemes of electrification 
are taken in hand it will certainly be one of the principal aims of the 
locomotive superintendent or the electrical engineer to keep down to 
the lowest practical limit the number of different types of electric 
locomotives. What this limit is likely to be cannot safely be predicted, 
but the following suggestion may be sufficiently near the mark to 
furnish a basis for consideration :— 

I. А shunting locomotive for work in marshalling yards and similar 
places capable of exerting momentarily a tractive effort of 28,000 Ib. at 
any speed up to ro miles per hour, and capable of running at a 
maximum speed of 20 miles per hour without mechanical injury. 

2. А freight-train locomotive suitable for hauling the heaviest 
mineral and goods trains at speeds equal to or greater than those 
usually attained on existing steam roads. 
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The drawbar pull is of course limited by the strength of the draw- 
bars on the rolling stock and may be taken at 28,000 lb. The question 
as to the speed at which this drawbar pull should be exerted, in other 
words the decision as to the horse-power capacity of the locomotive, 
will depend on local considerations. The maximum drawbar pull 
js of course needed for starting heavy trains from rest either on the 
level or on a rising gradient, the weight of the train being adjusted so 
that it is always possible for a drawbar pull of 28,000 lb. to set the train 
in inotion. 

If the line is practically flat or with no severe gradients, then all that 
will be required of the locomotive is to start the train and haul it at 
a speed of about 30 to 35 miles per hour on the level. On the other 
hand, if the gradients are long and steep, so that with the usual 
characteristics of traction motors the speed up the gradients falls to 
perhaps 15 or 20 miles per hour, it is worth considering whether or not 
the locomotive equipment should be specially designed to be capable 
of giving the maximum drawbar pull at the normal running speed 
of, say, 25 miles per hour. 

I believe there should be no difficulty in designing a suitable equip- 
ment to meet this requirement; the only question is whether the 
advantages of maintaining full speed up the gradients, in the way 
of relieving congestion and so permitting the line to be used to its full 
capacity, are worth the extra cost of equipment, and possibly of sub- 
station plant, feeders, etc. 

The suggestion for this locomotive may therefore be one of the two 
following alternatives :— 


(a) A locomotive capable of exerting a drawbar pull of 28,000 lb. 
or, say, a tractive effort of 28,700 lb. at a speed of 173 miles 
per hour and a drawbar pull of, say, 9,000 1b., or a tractive 
effort of, say, 9,700 lb., at 30 miles per hour, and capable 
of running light at a speed of 40 to 45 miles per hour 
without mechanical injury. 

(b) A locomotive capable of exerting a drawbar pull of 28,000 Ib. 
or a tractive effort of 28,700 lb. at a speed of 25 miles per 
hour, and capable of running light at a speed of 40 to 45 
miles per hour without mechanical injury. 


3. A locomotive suitable for dealing with local passenger traffic of 
a class intermediate between urban or suburban traffic such as might 
be catered for by multiple-unit motor-car trains, and long-distance 
high-speed passenger traffic. 

This locomotive might be of any suitable size in so far as drawbar 
pull is concerned, depending on the prevailing weights of the trains 
to be hauled. It would be equipped on the multiple-unit principle, so 
that double heading is provided for with a single locomotive crew. 
For example, it may be suggested that each locomotive should be suit- 
able for hauling six standard coaches, two locomotives being coupled 
together when the number of coaches exceeds six. 
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If {һе drawbar pull in any train is as before limited to 28,000 lb., 
and if this is exerted by a pair of locomotives, each must be capable of 
exerting a pull of 14,000 lb. Taking a standard coach as weighing 
30 tons, the pair of locomotives with a 12-coach train on the level will 
produce an acceleration of approximately o'5 mile per hour per second. 
This should be amply sufficient for this class of service. 

So far as speed is concerned, trains of this description should 
certainly be able to reach a speed of 50 to 55 miles per hour, and the 
locomotive should be capable of running light up to, say, 69 or 65 miles 
per hour without mechanical injury. 

According to this suggestion, therefore, the locomotive would be 
capable of exerting a drawbar pull of 14,000 Ib. or a tractive effort 
of about 14,700 lb. at 25 to 30 miles per hour, and a pull of, say, 3,600 lb. 
or a tractive effort of 5,000 lb. or more at 50 to 55 miles per hour, the 
pull depending on the prevailing gradients and the advantage to be 
gained by maintaining speed up the gradients, and would also be 
capable of running light at бо to 65 miles per hour without injury. 

As to whether it would be better to make each single locomotive 
capable of exerting a greater pull than 14,000 lb., and to control a pair 
of locomotives when coupled together so that their combined pull does 
not exceed the limiting value of 28,000 lb., is a question which would 
depend on the average number of coaches in a train, and on a general 
consideration of the use of the locomotive for other purposes, such 
as hauling light freight trains, etc. 

4. À locomotive for hauling express passenger trains at the maxi- 
mum speeds permissible. In this case advantage may well be taken 
of the capabilities of electric locomotives to maintain a speed of 70 to 
75 miles per hour on the level and up easy gradients ; in view of which 
the locomotive must be mechanically strong enough to stand speeds of 
80 to 85 miles per hour, or possibly even more, without injury. 

In this case again the maximum drawbar pull and the pull exerted 
at the maximum speed of 70 to 75 miles per hour are matters for 
individual judgment in particular cases. I suggest, merely for the 
sake of fixing ideas, that each locomotive should have the following 
capacity, double heading being provided for whenever necessary :— 


Tractive effort of 24,000 lb. at до miles per hour. 
j » 12,000 , бо , 

9) 99) 8,000 э? 75 29 
Maximum safe speed 85 


„э 
29) 


) He 


A locomotive such as this would probably weigh from 80 to 85 tons, 
and should be capable under favourable circumstances of hauling a 
trailing load of about 200 tons up a r per cent gradient at 60 miles an 
hour, or at about 75 miles per hour on the level. 

Having now enumerated four different classes of locomotives which 
might be selected for the various purposes of a main-line railway, I pro- 
pose to consider in what way these four locomotives can be most 
advantageously constructed. 
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For the sake of convenience the characteristics of the different 
classes may be tabulated as follows :— 


Class. Shunt- | Local 


Freight. | Express Passenger. | 
| 


ing. Passenger. 
i 
Tractive effort ... 16. | 28,000 28,700 10 000 | 14.700 | §,000 | 24.000 | 12,000 | 8,000 
Speed ... ... M.p.h. 10 17°5 (25) 30 30 55 40 | 60 75 
Corresponding h.p. ... | 750 1,340 (2,300)! 775 1,180 735 | 2.550 1.920 1,600} 
Limiting speed m.p.h. 20 45 | 65 85 | 


Considerations Affecting the Designs.—The following considerations 
must certainly be taken into account in deciding on the best design for 
each case, the weight to be attached to each particular consideration 
being naturally a matter for individual judgment. 


(a) The design must permit of the first cost of the complete 
locomotive being kept down to a minimum, consistent 
with due attention being paid to considerations of main- 
tenance, convenience of handling, and other matters 
mentioned below. 

(6) The design must be such as to lead to a low maintenance 
cost, for which purpose the principal parts to be renewed 
and maintained in good working order must be easily 
accessible, easily dismantled and re-installed, and must be 
few or inexpensive, or both. 

(c) The locomotive in service must cause the least possible 
damage to the track due to wear of the rails, must have 
little tendency to spread the rails due to nosing or other 
causes, must not excced the dimensions of the rolling 
gauge, and must conform to the limits of total weight and 
weight distribution determined by the strength of bridges 
and other structures. 

(d) It is highly desirable that the motors should be able to exert 
without injury a torque sufficient to skid the driving wheels 
under any condition of track. 

(e) A good look-out must be provided for the driver, principally 
of course in front, but prefcrably also in all directions, more 
particularly in the case of locomotives employed regularly 
or occasionally in shunting work. 


(a) PRIME Cosr. 


Taking these considerations more or less in the order mentioned 
above, and dealing first with the question of prime cost, the total cost of 
a locomotive should be divided into :— 

I. Cost of electrical equipment, including the driving motors and 
all auxiliary apparatus for collecting current, controlling the operation 
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of the motors, supplying compressed air or producing a vacuum for the 
power brakes, and lighting and heating the locomotive ; 

2. Cost of the mechanical portion including the wheels and axles, 
the bogies or locomotive frames, the locomotive body, the draw and 
buffing gear, and, in the case of coupling-rod locomotives, the trans- 
mission between the motor armatures and the driving axles. 

Of these two components it may be that in certain cases two 
entirely different designs may lead to almost the same total cost, the 
electrical equipment suitable for one design being more expensive than 
that for the other, the higher price being balanced by a lower cost for 
the mechanical portions. This may be partly due to a different 
division of labour between the electrical manufacturer and the locomo- 
tive builder in the two cases. On the Continent (and probably also 
in the United States) it is the usual practice for the electrical manu- 
facturer to supply for locomotives of the double-bogie class, motors 
complete with armature shafts, armature bearings, suspension bearings, 
gear wheels, pinions and gear cases, the locomotive builder being 
responsible for the rest of the running gear; whereas, in the case 
of locomotives of the connecting-rod design, the locomotive builder 
supplies all the running gear including jack shaft, jack shaft bearings, 
all side rods and connecting rods, armature shaft bearings and arma- 
ture shafts ready machined for attachment to the armature spiders, the 
electrical manufacturer supplying only the armatures built on spiders 
or centres and the stators or magnet frames ready for bolting to the 
framework of the locomotive. It is evident, therefore, that in making 
a comparison between two different designs it is necessary to take into 
the comparison both components of the total cost. 

Apart from this, however, one of the principal considerations in 
relation to the cost of the electrical equipment is the question whether 
the proposed design permits the full utilization of the active material 
in the motor armatures. For example, suppose that in one case the 
maximum speed of the locomotive corresponds with an armature peri- 
pheral speed of зо metres per second (5,900 ft. per minute), whereas in 
a different design for thesame locomotive the limiting peripheral speed, 
зау 45 metres per second (8,900 ft. per minute) for the sake of argument, 
coincides with the maximum locomotive speed, it is obvious at once 
that the second design is, in respect of this consideration, superior to 
the first. 

Now the relation between the peripheral velocity of a driving wheel 
(i.e. the locomotive speed) and the peripheral velocity of the armature 
depends only on the respective diameters of the wheel and the armature 
and the ratio of the reduction gearing. With a 42-in. driving wheel, 
a 21-in. armature, a gear ratio of 3 : 1, and a speed of бо miles per hour, 
the peripheral velocity == 40:3 metres per second. 

It might seem, therefore, that for a given speed and for given wheel 
and armature diameters the proper coincidence can be obtained by 
suitably selecting the gear ratio. This, however, is not always possible, 
owing to the limitations of the gearing in respect of magnitude and 
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velocity. Obviously the gear wheel itself must be so much smaller 
than the driving wheel that the necessary clearance is provided between 
the bottom of the gear case and the track. Equally it is necessary to 
limit the diameter of the gear wheel so that its peripheral velocity does 
not exceed the usual limits of practice. If, when these two require- 
ments have been satisfied, the diameters of the gear wheel and of the 
pinion are such as to give the required ratio, then the active material of 
the armature is being utilized to the best advantage ; if not, the desired 
coincidence cannot be obtained. In the latter case the question arises 
whether the disadvantage is balanced by other advantages inherent in 
the design. 

In general it may be said that sufficiently high values of armature 
peripheral velocity can be obtained without overstepping recognized 
limits of gear velocity if the locomotive speed is not too high. The 
higher the locomotive speed the higher is it necessary to take the gear 
velocity. 

As an example to illustrate this remark and to give some idea of the 
velocities that locomotive designers may be expected to agree to, let us 
take the following imaginary case :— 

It is required that a geared motor be provided for driving a pair of 
wheels loaded to a total weight of 16 tons. 


Motor horse-power on one-hour rating  ... ... 250 h.p. 
Locomotive speed corresponding with one-hour 

rating iis а we es .. 18 m.h.p. 
Maximum working speed sl ce 87. s 
Maximum speed within limits of mechanical 

strength  ... ane io € ee DEC AEN 
Diameter of driving wheel  ... ied . 45 in. 
Maximum permissible diameter of gear wheel ИС ys 
Distance between armature centre and axle centre 18 8 in. 
Armature diameter... 22 in. 
Permissible overload (in ово) Беудйй опе- Hour 

rating tae T .. 75 per cent 
Maximum coefficient of adhesion: assumed we 25 P: 


From these figures, by using a gear ratio of 19 to 75 with a gear wheel 
30-in. pitch diameter, the armature peripheral velocity corresponding 
with a locomotive speed of 45 miles per hour is about 39 metres per 
second (7,700 ft. per min.) апа the gear velocity is 13:4 metres рег 
second (2,640 ft. per min.). The former of these is just about on the limit 
for ordinary armature construction, and the latter presents no difficulty. 
Thus for the assumed requirements it would appear perfectly feasible 
to arrange the motor and gearing so that the active material of the 
armature is fully utilized. 

It is quite a different matter, however, if a maximum safe speed of 
7o miles per hour is required. Working through a similar calculation 
in exactly the same way the figures are as follows :— 
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Load per axle ... baie T .. 16 tons 
Maximum coefhcient of eson, EE .. 285 percent 
Overload in torque beyond one-hour rating Ge. 5 jh 


Tractive effort corresponding with one-hour rating 5,180 Ib. 
Locomotive speed corresponding with one-hour 

rating, assumed as... "s ee и .. 28 m.p.h. 
One-hour rating -— ids ке sisi .. 380 h.p. 


For a motor of this capacity the following very approximate figures 
may be assumed :— 


Armature diameter 


T ... 30 in. 
Minimum diameter of driving ied - ice E n 
Distance between armature and axle centres .. 28°5 in. 
Maximum diameter of gear wheel ... vus 4. 40 in. 


Using the maximum gear ratio available the peripheral velocity of the 
armature and the gearing corresponding with a locomotive speed of 70 
miles per hour are about 40:3 and 23 metres per second respectively. The 
former of these is very nearly the same as in the previous case, whereas 
the latter is very much higher, and in the opinion of most designers is 
regarded as excessive. 

By working through a similar case at a still higher speed it will be 
apparent that a still higher value of the gear velocity is reached. 

It is clear from the foregoing that the excessive gear velocity con- 
sequent on a high speed of the locomotive is due to the distance 
between the armature centre and the axle centre, as this distance 
determines the diameters of the pinion and the gear wheel. To trace 
the cause a stage farther back, this distance itself is determined by the 
size of the motor, which in turn depends upon the output required. 
This output has been assumed on the basis that the motor must be able 
to skid the driving wheels. 

Suppose now that the effort required to skid the pair of wheels 
is produced by two motors driving on to a single gear wheel on the 
driving axle as in the articulated bogie locomotive shown in Fig. 6. It 
is obvious then that each of these two motors will be much smaller 
than the single motor they replace, and therefore the distance between 
armature and axle centre will be smaller and the gear wheel diameter 
will be less. With this arrangement, therefore, a higher locomotive 
speed can be reached without exceeding the recognized limits of gear 
velocity than with the more usual arrangement of one motor to each 
driving axle. The advantage, however, is limited, and the method 
clearly does not solve the general problem of motor drive on high-speed 
locomotives. 

Before coming to any definite decision as to the possibility or im- 
possibility of employing reduction gearing for high-speed locomotives, 
it must be considered first whether a combination of gearing and con- 
necting rods leads to a satisfactory arrangement, and in the second 


752 LYDALL: ELECTRIC LOCOMOTIVES. 


place whether it is practicable by sacrificing to a certain extent the 
electrical advantages of high peripheral speed, to reach an acceptable 
solution of the problem. 

The first point is easily dealt with. Taking the same assumptions 
as before for the locomotive with a maximum speed of 70 miles per 
hour, and assuming that a single motor drives a jack shaft or counter- 
shaft by means of single reduction gearing, the jack shaft being 
coupled by connecting rods by two driving axles, the motor capacity 
will be approximately 760 h.p. The approximate calculations may 
then be as follows :— 


Load per axle T T age .. 16 tons 
Load on two axles driven by one йй fa 732. 3 
Maximum coefficient of adhesion, assumed ... 25 per cent 
Overload in torque beyond one-hour rating ... 75  ,, 
Tractive effort EEE PEE with one-hour 


rating... .. 10,360 lb. 
Locomotive speed corresponding with one- 
hour rating... m зз de .. 28 m.p.h. 


Approximate motor assumptions :— 


Armature diameter vs 56 in. 
Distance between armature and jack shaft t 
centres ... a Mx ss ee e ua 


Peripheral speed calculations :— 


Maximum armature peripheral speed, assumed до metres per sec. 
. Maximum revolutions of driving wheels, ,, 450 r.p.m. 
Maximum revolutions of armature (deduced 
from diameter and maximum peripheral 


speed)  ... ay ae des se ... 540 r.p.m. 
Gear ratio, 540 : 450 90 ^ ога .. Il2toI 
Pitch diameter of gear wheel ... T o. 038 1n. 
Maximum gear velocity .. Sat t .. 23 metres per sec. 


These figures, though very rough, show clearly not only that the re- 
sulting gear velocity is excessive, but also that the gear ratio is so near 
unity as to be quite outside the range of practical utility. (I leave out 
of account the question whether satisfactory gearing can be provided 
suitable for the conditions of operation on a locomotive and for the 
capacities referred to.) 

Finally, before leaving the subject of geared motors for high-speed 
locomotives, the question should be considered whether it is worth 
while or practicable to sacrifice the advantage of high armature 
peripheral velocity in order to make possible the use of gearing. 

Take the case worked out above, and calculate the armature 
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peripheral velocity if the gear velocity is limited to a maximum value 
of 20 metres per second. 


Maximum running speed sia sal .. 70m.p.h. 
Wheel diameter ... x vos js ... 54 dn. 
Gear wheel diameter to give 20 metres per sec. 34°4 in. 


Now it must be noted that as the armature peripheral speed is 
reduced the armature diameter must be increased to produce the 
same horse-power. This increase in diameter leads to an increase in 
the distance between the armature and axle centres, and therefore, 
since the gear wheel diameter is fixed, to an increase in the diameter of 
the pinion.  Neglecting this, however, for the sake of argument let 
us assume the same armature diameter and the same distance between 
centres as before, and calculate the pinion diameter and the armature 
peripheral velocity :— 


Diameter of gear wheel plus diam. of pinion... 57 in. 


Diameter of pinion, 57-344  ... T se 220 5, 
Armature diameter, as before ... m as 30: :5, 
Armature peripheral velocity, 7; X 20... .. 26:5 m.p. sec. 


Therefore, even on this assumption, the gear ratio is so near unity that 
gearing presents no advantages, and further, the armature peripheral 
velocity is not much more than half the usual value. 

From the foregoing remarks it will be apparent that for certain 
classes of locomotives geared motors cannot be advantageously 
employed on account of the excessive gear velocity required if the 
active material of the armature is to be utilized to an adequate extent. 
This applies more particularly to the case of high-speed locomotives of 
considerable power. For such locomotives the choice seems to lie 
between gearless motors of comparatively small size, mounted directly 
on the axles or on hollow shafts concentric therewith, and motors of 
large capacity fixed in the locomotive in the most convenient manner, 
and connected to the driving axles by connecting and coupling rods 
with or without a jack shaft, but without the interposition of any 
reduction gearing. 

With gearless motors the armature peripheral speed is equal to 
the locomotive speed multiplied by the ratio of the armature diameter 
to the wheel diameter. If the motors are concentric with the driving 
wheels there are obvious limits to this ratio. In general one may say 
that the larger the driving wheels the higher is the ratio, but evidently 
it can never reach unity, and in practice must always be much below 
that value. 

For example, suppose the diameter of the driving wheel is 48 in. and 
that the clearance between the motor and rail level must not be less 
than 6 in., and further, that the radial dimension of the field outside the 
armature cannot be made less than 6 in., then the diameter of the 
armature cannot be greater than 24 in. The ratio is then 24: 48, or o'5, 

Vor. 51. 48 
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and corresponding with a locomotive speed of 70 miles per hour the 
armature peripheral speed will be 70 х 0°45 X 0'5, i.e. 15°7 metres per 
second (3,100 ft. per minute), which is comparatively a very low 
peripheral speed. 

The gearless motor, however, which drives through coupling rods is 
not subject to the same limitations. In this case the aim of the designer 
will be to keep down the diameter of the driving wheels so as to obtain 
for the given locomotive speed the highest angular velocity of the driv- 
ing wheels, and therefore also of the armature. The dimensions of the 
motor, and therefore the armature diameter, are limited ultimately by 
the distance between the driving axles and the top of the loading gauge, 
but it is only for motors of very large capacity that this limit is reached. 
For motors of moderate size the armature diameter will generally be 
considerably less than the limit so imposed unless a very uneconomical 
design is adopted. 

The size of the driving wheel will depend upon the permissible 
angular velocity of the crank with the connecting rods, etc. In this 
country the gencral practice so far as steam locomotives are concerned 
is to limit the piston speed to about r,500 ft. per min., which with the 
usual length of stroke corresponds with an angular velocity of about 
350 r.p.m. Even this limit is seldom reached, and then only with single 
drivers and four-coupled engines. __ 

Experience on the Dessau-Bitterfeld electrified section of the 
Prussian State Railways has shown that a higher value of angular 
velocity than that mentioned above can safely be adopted for electric 
locomotives, owing to the possibility of accurately balancing the 
rotating parts and the entire absence of reciprocating parts. For 
example, in the 2—B—1 locomotive (No. 17 in the foregoing list) the 
maximum speed is 138 kilometres per hour, and the corresponding 
crank speed with driving wheels 1,600 millimetres in diameter is 
460 r.p.m. Still higher crank speeds are proposed for other loco- 
motives. 

Going back, therefore, once more to the case already discussed in 
which a maximum safe speed of 7o miles per hour was assumed, and 
allowing for an angular velocity corresponding with this speed of 
480 r.p.m., the diameter of the driving wheels will be about 49 in. and 
the armature diameter need not exceed 62:5 in. in order to reach a 
maximum peripheral velocity of 40 metres per second. The overall 
diameter of the motor itself would probably not exceed 86 in. 

It should be observed that the armature dimensions for a motor of 
this class do not depend so much on the rated horse-power that the 
motor can develop as on the torque which is produced either on the 
one-hour rating or on the continuous rating. In the approximate cal- 
culations given above, the horse-power has been in each case deduced 
from the product of the tractive effort and the corresponding locomotive 
speed. If then an equipment is required in which the given tractive 
effort must be exerted at, for example, twice the speed already con- 
sidered, the horse-power is clearly doubled. But as the corresponding 
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armature velocity is also doubled, it is apparent that no increase in the 
armature diameter is necessary. In other words, for direct-drive 
motors the principal factor to b» taken into account is not the horse- 
power but the torque. This has been fully recognized on the Continent 
in the consideration of the various locomotives designed and constructed 
for the Prussian State Railways, and the following examples show the 
ratings of the electrical equipments in different cases. It will of course 
be obvious that when the torque is stated the tractive effort can be 
immediately deduced by dividing by the radius of the driving wheels, 
allowing a small reduction for losses in the connecting rods, etc., if such' 


are used. 


TABLE II. 


Motor Torque of Siemens’ Single-phase Locomotives, corresponding with 
the One-hour Rating. 


Class Number of Torque in Ib. per Motor 
: Motors. at 1-ft. Radius. 

| 

| 2—B—1 I 23,170 

| o—D—o I | 19,500 

| 
—С—1 1 | 30,350 
| I—D-—t1 


This point of view provides the best basis for comparing the 
electrical utilities of the concentric gearless motor and the motor 
which is mounted in the most convenient position in the locomotive 
frame and drives by means of connecting and coupling rods. 

Assuming for the sake of argument that a 50-in. armature is capable 
of exerting for one hour a torque of 7'7 foot-tons, and for a short time 
13'4 foot-tons, the motor of which this armature is a part could be 


used in two ways :— 


(1) As a concentric motor with a driving wheel of about 80-іп. 


diameter ; 
(2) As a connecting-rod motor coupled to two driving axles with 


48-in. driving wheels. 


I. As a concentric motor, the one-hour tractive effort would be— 
a 


77 = 40/12 tons = 2°3 tons, 


and the maximum would be about 4 tons, so that the motor would be 
able to slip its driving wheels if these were loaded to 16 tons per axle, 
- assuming as before a maximum adhesive coefficient of 1. 
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2. А$ a connecting.rod motor, the one-hour tractive effort would 
be— 
7°7/2 == 3°85 tons, 


and the maximum would be about 6°75 tons, so that the motor would 
be able to slip two pairs of driving wheels loaded up to 13:5 tons per 
axle. And if a maximum angular velocity of 500 r.p.m. be regarded as 
permissible, a locomotive designed on this basis would be able to run 
at a maximum speed of 70 miles per hour. 

From this it is obvious that from the purely electrical point of view 
the concentric motor is at a great disadvantage in comparison with the 
connecting-rod motor. In the foregoing example the same motor is 
capable of exerting as a connecting-rod motor a tractive effort approxi- 
mately 70 per cent greater than it can exert as a concentric motor, 
conditions as to locomotive speed being equal in the two cases. 

If, however, extra high speeds are contemplated beyond what is 
usually considered practicable, as for example, 100 miles per hour or 
more, the advantages of concentric motors begin to appear. For 
example, take the same motor with a 54-in. armature and 8o-in. driving 
wheels. Then at тоо miles per hour the armature peripheral velocity 
would be 30 metres per second, and it is doubtful whether it is 
worth while to introduce the complications of connecting rods and 
coupling rods for the sake of raising the peripheral velocity from 30 
to about 40 metres per second. 

Summing up, then, we may say that from the purely electrical 
point of view the most favourable design of locomotive for maximum 
speeds between 50-55 miles per hour as the lower limit and about 
100 miles per hour as the upper limit is based on the use of connecting- 
rod gearless motors. For speeds below 50-55 miles per hour geared 
motors or gearless connecting-rod motors can be employed to advan- 
tage, and for speeds of 100 miles per hour and upwards the decision 
would almost certainly be in favour of a gearless concentric motor 
equipment. 


(6) MAINTENANCE Cosr. 


Turning next to item (b) in the list of considerations given above, 
viz. the necessity of keeping down the maintenance costs, the question 
is raised once more whether it is better to subdivide the electrical 
equipment by using several motors or to concentrate it as far as 
possible by keeping down the number of motors to a minimum. To 
a certain extent this question has already been answered by considering 
the desirability of utilizing to the utmost the active material of the 
motor armature. This, however, is only one point of view, and it is 
necessary to ask how far considerations of maintenance tend to modify 
the views based on considerations of purely electrical advantage. 

The cost of maintaining a locomotive in good working order 
depends on the number and first cost of renewable parts, and on the 
labour involved in overhauling and effecting the renewals. This 


r 
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applies, of course, to the mechanical as well as to the electrical 
portions, so that if for some reason the choice of one particular 
electrical equipment leads to difficulties in overhauling and renewing 
the wearing parts of the mechanical structure, that equipment must be 
regarded as in one important respect disadvantageous. Thus in most 
cases it may well happen that advantages and disadvantages have to 
be balanced, and the net result accepted. 

Other things being equal, the locomotive designer will probably 
prefer to concentrate the motive power as much as possible. One 
motor or two motors are certainly cheaper to maintain and overhaul 
than, say, eight or ten motors having the same aggregate capacity. 
The question is, however, whether a large motor of, say, 750 or 
1,000 h.p. can be fixed in a locomotive so as to be as easily accessible 
for repairs as a 250-h.p. motor fixed on a bogie in the usual way. 
There can be very little doubt that the usual design of bogie loco- 
motive lends itself admirably to meeting the requirements of the 
maintenance staff. A complete bogie can be run out, and a complete 
substitute run in, very little coupling and uncoupling being necessary. 
On the other hand, if the locomotive frame is specially designed the 
changing of a concentric motor is a very simple matter. The con- 
struction is worked out so that a pair of driving wheels with the axle 
and the motor on the axle can be taken out either by lifting the 
complete locomotive after removing the tie bars beneath the axle-boxes 
and taking out the motor suspending bolts, the motor, wheels, and axle 
being left on the rails, or by providing a special section of the track in 
the repair shops which can be raised or lowered independently of the 
track on which the other wheels of the locomotive rest. 

As examples of the concentric motors which are dealt with in this 
way the direct-drive motors of the New York, New Haven, and Hart- 
ford Railroad locomotives may be instanced, and the two-pole motors 
of the New York Central Railroad locomotives. 

In the latter case, the armature alone is removed with the axle on 
which it is built,ithe field magnets forming part of the locomotive frame- 
work. Asoriginally designed nothing could be simpler than the process 
of removing an armature with its axle and pair of wheels, as, there being 
nothing below the armature, it was only necessary to remove the tie 
bars below the axle-boxes. In practice, however, it was found that the 
stray magnetic field from the armature, especially under starting con- 
ditions when the motor takes a big current, picked up iron tools lying 
about on the track, which would of course damage the armature. To 
prevent this a soft iron plate, half an inch thick, was fixed below the 
motors the full length of the central portion of the locomotive. This 
would naturally interfere slightly with the ease of dismantling and 
assembling. In spite of this, however, the maintenance cost of these 
locomotives is low, as mentioned later. 

No general statement can be made with regard to the maintenance 
of locomotives equipped with coupling-rod motors on account of the 
differences in the various ways of mounting such motors on the loco- 
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motives. In some cases, such as the Pennsylvania Railroad locomo- 
tives and most of those tricd by the Prussian State Railways on the 
Dessau-Bitterfeld line, the motors are built after the style of generators 
of the usual engine type, with feet for bolting on to foundations. Such 
motors must obviously be dismantled by first removing a portion of the 
roof of the locomotive, unless that part of the locomotive is not roofed 
in, and then lifting away the top half of the armature frame, taking off 
the caps of the coupling rod bearings, and of the armature bearings, and 
then lifting out the armature. Fig. 24 shows the complete motor being 
lifted out of the Siemens o—D—o locomotive on the Dessau-Bitterfcld 
line. This certainly involves a good deal of work, but the extra labour 
is counterbalanced by the ease with which the motor that is not 
enclosed can be examined and with which small repairs can be carried 
out without extensive dismantling. 

Other locomotives in which coupling-rod motors are employed are 
constructed with the motors suspended between the driving axles. 
Examples of this construction are the three-phase locomotives on the 
Valtellina Railway, on the line through the Simplon Tunnel and else- 
where. On these locomotives, after the coupling-rods have been 
removed, the motors can be lowered as soon as the suspending bolts 
are taken out. 

In dealing with this particular matter it may be convenient to raise 
the question : What is the best method of connecting a coupling-rod 
motor to the driving axles ? Speaking generally, it may be said that there 
are two alternatives : (a) with a jack shaft ; (b) without a jack shaft. 
A jack shaft, or blind welle as it is called on the Continent, is an axle 
running in fixed bearings in the locomotive frame and carrying no 
wheels, but connected by cranks and coupling or connecting rods to 
the motor axle or axles on the one hand and the driving axles on {һе 
other hand. In other words, it is an intermediate shaft by which the 
torque of the armature about an axis in one plane is transferred to 
the driving wheels and axles which rotate about axes in another 
plane. 

A number of locomotives have been built and put into service with 
jack-shaft drive, most of them on the Continent. In America the 
principal example is the Pennsylvania Railroad locomotives, in addition 
to which there is a single locomotive of the samc type on the New York, 
New Haven, and Harttord Railroad. On the Continent a number of 
designs of this class have been worked out by different firms, such as 
Siemens Schuckert Werke, the Allgemeine Elektricitats Gesellschaft, 
Brown Boveri, Schwartzkop Maffei, for the Baden State Railways, the 
Prussian State Railways, and the Kiruma Riksgrausen Railway in the 
North of Sweden. Some of these are still under construction. The 
general outlines of each different design have already been given in the 
first part of this paper. 

As will be seen from these outlines, a number of different arrange- 
ments have been adopted for the motors and the jack shafts. In some 
the connecting rod between motor and jack shaft is nearly or quite 
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vertical, in others at a considerable angle to the vertical. In several 
cases the coupling rods between the jack shaft and the nearest driving 
axle are relatively short compared with the usual practice in steam 
locomotives. For example, on the 2—В—1 locomotive for the Prussian 
State Railway supplied by Siemens Schuckert Werke, the distance 
between the jack-shaft centre and the driving-axle centre is 1,500 mm. 
(about 4 ft. 11 in.),the actual length between the pin centres of the shorter 
coupling rod being 1,300 mm. (about 4 ft. 31 іп.). On the o—D—o freight 
locomotive supplied by the same firm for the Prussian State Railways 
the distance between the jack-shaft centre and the centre of thedriving 
axle is 1,000 mm. (3 ft. 38 in.), and between the pin centres goo mm. 
(about 3 ft.). In the experimental 1—C—1 locomotive for the Baden 
State Railways the corresponding lengths are 950 mm. (3 ft. 1} in.) and 
800 mm. (about 2 ft. 74 in.). 

Doubts have been expressed in some quarters as to whether such 
short coupling rods would prove satisfactory in practice. It has been 
pointed out that according to the general practice in this country 
provision is made for a vertical movement of the axle-boxes of 14 to 2 
in. above and below the normal position. With a fixed radius of, 
say, 36in.,a vertical movement of 2 in. produces a horizorttal movement 
of 0055 in., and it was felt that whether sufficient clearance were left in 
the axle-box guides to permit of this horizontal movement оё; ће axle- 
boxes or not, sooner or later trouble would be experienced onthe score 
of broken coupling rods or hot brasses. 

As a matter of fact no such trouble seems to have been experi- 
enced on the Continent, although about the same allowance for vertical 
movement is made as in this country. I believe, however, that foreign 
practice differs from English practice in that whereas in English loco- 
motives the axle-boxes are a good working fit in the guides, on the 
Continent it is customary to leave a clearance in the guides of о"5 mm., 
or 0'02 in. It seems that this allowance is sufficient in practice to 
secure satisfactory working. 

This, however, is not the only point to be noticed in connection with 
the use of jack shafts. The question must also be considered whether 
the shaft itself, including its own bearings, cranks, and crank pins, 
needs special maintenance beyond what is usually required for coupling 
rods on steam locomotives. It must be admitted that in many designs 
the demands made on the jack shaftare very severe. "This is especially 
the case on the Continent. The greatest stresses naturally occur under 
abnormal conditions ; for example, if the brakes are put on the driving 
wheels so as to skid the wheels when the locomotive is running at a 
good speed, the whole kinetic energy of the heavy armature or 
armatures is absorbed by the brakes and the rails in a very short time. 
During this time the forces tending to buckle the connecting rods, 
shear the pins, fracture the cranks, and twist the jack shaft, are far in 
excess of any stresses that occur on steam locomotives under the samc 
conditions. Similar forces arise in the event of a short-circuit of the 
armature due to a flash-over or any other cause when the locomotive 
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is running at full speed. In such a case the armature stops dead and 
the wheels are locked, in spite of the momentum of the locomotive 
urging them to rotate with the forces due to the friction of the driving 
wheels on the rails. 

There are two ways of meeting the requirements of these abnormal 
conditions. One method, which was adopted in the design of the 
Pennsylvania Railroad locomotives, is to make provision for the 
armatures to slip round on their shafts whenever the torque, whether 
positive or negative, exceeds a certain predetermined value. This 
method has proved satisfactory in practice in all respects, with one 
exception, viz. that whenever a slip occurs the locomotive must be 
sent into the shops in order that the armature may be re-adjusted for 
mechanical balance. 

The other method is to design the various portions of the running 
gear with sufficient strength to withstand all stresses that may occur in 
practice, even under abnormal conditions. This is the method adopted 
by the various Continental firms who have built and equipped the 
single-phase locomotives in accordance with the requirements of the 
Prussian State Railway authorities. For these locomotives it has been 
specified that ‘all the mechanical parts, including the attachment of the 
armature spider or centre to the armature shaft, must have sufficient 
strength to skid the driving wheels without damage when the coefhcient 
of adhesion between the wheels and the rails is 1 : 3. 

The actual stresses in the jack shaft and its cranks, bearings, etc., 
depend greatly on the design of the locomotive running gear, and 
principally on the angle between the connecting rod which transmits 
motion frcm the armature to the jack shaft and the connecting rod 
joining the jack-shaft crank and the cranks of the driving axles. 

In Fig. 25 a number of different arrangements are shown dia- 
grammatically. In the first of these the angle is a right angle. With 
this design the turning moment of the armature is transmitted from 
the crank at oue end of its shaft along the jack shaft to the coupling 
rods on the other side of the locomotive. This action takes place 
alternately from one side and from the other, so that the jack shaft is 
continually being subjected to alternating torsional stresses and the 
bearings to alternating pressures. 

In the second arrangement, which is not an example of any design 
actually carried out in practice, but is inserted here simply as a con- 
trast to the first arrangement, the angle in question is as nearly zero as 
is practicable. In this case the jack shaft acts more or less asa guide 
and not as an instrument for the transmission of forces. The force 
exerted by the armature crank at one end on the connecting rod is 
transmitted through the jack-shaft crank pin only to the coupling 
rods on the same side of the locomotive, and therefore the duties of 
the jack shaft and its bearings are very light. 

Between these two extremes come the various arrangements shown 
in the figure, in all of which the angle in question is in the neighbour- 
hood of 45 degrees. In the third arrangement (the o— D—o locomo- 
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tive), the fourth (1—C—1 locomotive), the sixth (the C+ C locomotive 
for the Swedish State Railways), and the seventh (the 2—B + B—2 
locomotive for the Pennsylvania Railroad), there is one connecting rod 


tor each jack shaft. In the fifth arrangement (the r—D—1 locomotive 
for the Prussian State Railways) two motors drive on to a single jack 
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shaft by two pairs of connecting rods set at approximately right angles 
to each other. These two pairs of connecting rods in combination 
exert a uniform turning moment on each crank, so that if the jack 
shaft were a driving axle and carried a pair of wheels not coupled to 
other wheels, the shaft would never be in torsion and the tractive 
effort at the tread of the wheels would be constant at all points of the 
revolution. The jack shaft, however, as arranged in this design, 
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although a uniform turning moment is impressed on it at both ends, 
does not transmit at each end a uniform turning moment to the driving 
axles, and therefore it must experience torsional stresses. ' 

In the figure the angle is marked for each arrangement, and also 
the corresponding maximum value of the alternating or fluctuating 
torsional stress, assuming that all motors exert the same torque and 
that the maximum stress in the jack shaft in the first arrangement is 
equal to тоо. 

Under the circumstances it will be readily understood that the 
connecting rods, the cranks, the bearings, and the jack shafts them- 
selves, must be very liberally and substantially designed. For example, 
in the 2—B —1 locomotive of the Prussian State Railways supplied by 
Siemens Schuckert Werke, and equipped with a single 1,600-h.p. 
motor set vertically above the jack shaft, the diameter of the jack shaft 
between bearings is 250 mm. (about ro in). In the 2—B + B—2 
Pennsylvania Railroad locomotives the diameter of the jack shaft is 
also Io in. 

In addition to the necessity for liberal proportions, it has been found 
advisable in some cases on the Continent to employ special steel for 
these shafts. The steel used in the locomotive equipped by Siemens 
Schuckert Werke is as follows :— 

In the 1—C—1 experimental locomotive for the Wiesental Railway, 
and in the 1—D—1 locomotive for the Prussian State Railways, 
Siemens Martin steel with a breaking strength of about 50 kilograms 
per square millimetre ; in the 2—B—1, and the o—D—o locomotives 
for the Prussian State Railways nickel steel with a breaking strength of 
about 60 kilograms per square millimetre. 

The results of actual experience under service conditions with loco- 
motives driving through jack shafts have in most cases been quite 
satisfactory. The exceptions, in which experience has not been 
uniformly good, are as follows :— 

In the 2—B—1 single-phase locomotive supplied by Siemens 
Schuckert Werke to the Prussian State Railways one of the jack- 
shaft cranks broke after the locomotive had run 10,000 kilometres. The 
most probable rcason for the breakage is the method of constructing 
the jack shaft in one piece with its cranks in such a way that the fibre 
of the steel ran across the cranks instead of along them. After the 
breakage a fresh jack shaft was made with the cranks forged separ- 
ately, and then pressed and keyed on to the shaft. The locomotive 
has been continuously in service with perfectly satisfactory results 
since this repair was carried out, having up to the end of January, 1913, 
run 56,653 kilometres. 

Some difficulty has been experienced in the 2—B + B—2 loco- 
motives of the Pennsylvania Railroad due to wear of the jack-shaft 
bearings. No adequate provision for adjusting the precise positions of 
these bearings was made in the original design, and it has been found 
in practice that the insertion of liners behind the brasses does not meet 
the requirements of the сазе. Slackness in these bearings leads to very 
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severe pounding, which naturally tends to exaggerate the trouble. In 
future locomotives of the same class an improved method of adjusting 
and registering the jack-shaft bearings could no doubt be adopted. 

The New York, New Haven, and Hartford Railroad purchased an 
experimental connecting-rod locomotive of the same class as the 
2—B 4- B.—2 of the Pennsylvania Railroad. For some reason this 
locomotive has not been found satisfactory, being very often in the 
repair shop. А good deal of the trouble may be due to the fact that 
the locomotive is equipped for working on continuous current and 
single-phase alternating current circuits. However that may be, I 
understand that the New York, New Haven, and Hartford Railroad do 
not intend to purchase any more locomotives of this class. 

Incidentally, it may be interesting to observe that so far as I am 
informed this railway is intending to standardize only two classes of 
locomotives for passenger and freight service, viz. those shown in 
Figs. 10 and 6, the former for express passenger service and the latter 
for local passenger and freight service. In the former, however, the 
spring coupling between the armature quill and the driving wheel will 
be modified in conformity with the later design adopted for the articu- 
lated bogie locomotive. (Full particulars of these spring couplings 
will be found in the Electric Journal of October, 1912.) In the original 
design the springs are entirely enclosed and cannot easily be inspected ; 
breakages are only detected by the driver noticing that the locomotive 
does not ride so easily as usual, and this is not noticeable until two or 
three springs are broken. 

The conclusion to be drawn from these experiences is that if the 
circumstance of the case make a jack shaft desirable a suitable design 
can be worked out which will not give rise to abnormal maintenance 
charges. 

On the other hand, it must be recognized that the introduction of 
the jack shaft into a locomotive design must necessarily lead to a 
somewhat high first cost. The shaft itself with its cranks and crank 
pins sometimes of special steel and all very liberally designed, the ample 
bearings, and the special provision for registering and adjusting their 
position, are all expensive items. If, however, the general design 
involves the use of very large motors, jack shafts cannot be dispensed 
with. That is to say, putting it rather differently, if the advantages of 
a large motor as regards low first cost and other considerations are 
sufficient to counterbalance the high cost of the jack shaft construction, 
there is no reason why such a design should not be adopted. 

It is, however, quite possible under certain conditions to use 
connecting-rod motors without employing jack shafts. These circum- 
stances arise when the overall diameter of the motor is approximately 
equal to the diameter of the driving wheels. With such motors it is 
possible to obtain the necessary clearance above the rails by raising 
them so that their centres are above the centres of the driving axles, 
the transmission from the motor shafts being effected by means of 
triangular slotted connecting rods generally called “ Scotch yokes." 
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The first locomotives of this design were those constructed in 1904 
by Messrs. Ganz & Co. of Budapest for the Chemin de fer du Midi 
Italien (the Valtellina line). The general outline of these locomotives 
has already been given in Fig. 11, but a further diagram is given in 
Fig. 26, referring more particularly to the arrangement of the slotted 
connecting rod. From Fig. 26 it will be seen that although a clearance 
between the rails and the motors of 165 mm. (about 6} in.) has been 
provided, the armature diameter is only a little less than the diameter 
of the driving wheels, viz. 1,400 mm. as compared with 1,500 mm, 
(about 55} in. as compared with 59 in.). This is made possible because 
the armature centres are raised 240 mm. (about 94 in.) above the wheel 
centres, the radial thickness of the motor stator at the lowest point 
being 125 mm. (about 5 in.). 

The triangular connecting rods join together the motor shafts and 
the central driving axle, and the slot allows a certain degree of vertical 


movement of this central axle which is not transmitted to the motors or 
to the frame of the locomotive. Thus the flexibility of the running gear 
is quite equal to that of any steam locomotive, and the turning moment 
exerted by the two motors is transmitted to the three driving axles 
without the intervention of any jack shaft. 

But although the driving axles are free to move up and down in the 
axle-box guides without reacting on the body of the locomotive except 
through the bearing springs in the usual way, the alternating horizontal 
forces exerted by the armature cranks are not balanced by the reactions 
of the driving cranks, as they are not in the same plane. The result is 
an alternating couple acting upon the two motors tending to tilt the 
motors from side to side. In the 1904 Valtellina locomotives the motors 
are spring suspended from the locomotive frame, and therefore this 
tilting action is to a certain extent absorbed by the suspension springs 
and is not transmitted to the framework. In another case, however, in 
which the motors might be rigidly fixed to the frame, considerable 
alternating stresses would be set up in the various members of the 
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framework. The intensity of these stresses will clearly depend on the 
turning moment exerted by the motors and upon the angle of the tri- 
angular connecting rod. In the case already mentioned this angle is 
Iin 4°75. Тһе weight on the three driving axles is 42 tons, and there- 
fore, assuming the maximum value of the coefficient of adhesion to be }, 
the maximum tractive effort is 10:5 tons. Hence the actual force exerted 
by the two motors on the coupling rods is— 


I0'5 X 750/320 tons, 


750 being the radius of the wheel, and 320 the radius from wheel centre 
to crank centre. This force divided by 4775 is the maximum value of 
the periodic reaction on the two motors tending to tilt them, i.e.— 


320 x p tons = 5'17 tons, 


or 2:58 tons per motor. 

Assuming, however, that these alternating stresses on the crank pins, 
the motor frames and bearings, and the locomotive framework, have 
been recognized and properly provided for, the design evidently meets 
all the requirements of a high-speed locomotive from the different 
points of view already touched upon, viz. utilization of the active 
material of the armature, low first cost, and low maintenance charges. 

In the case of the Valtellina locomotives already quoted, supposing 
the frequency were raised sufficiently to allow of a maximum speed of 
75 miles per hour being reached, the corresponding peripheral speed 
of the armatures would be-- 


Мен x X 0'45 metre per sec 
тоо ^ 75 X 045 per sec., 


= 31°5 metres per sec. (6,200 ft. per min.), 


which, although below the maximum permissible value, is reason- 
ably high. So far as first cost is concerned, the number of motors 
is small and the connecting and coupling rods are few and simple ; 
and for the same reasons the maintenance charges are bound to be 
low. Further, there are no particularly short coupling rods, which, 
as already mentioned, have been viewed with disfavour in several 
quarters, and therefore there is little danger on the score of crank 
pins seizing, etc. | 

Precise information as to actual maintenance costs is not very easy 
to obtain, and even when figures are available they must be used with 
a good deal of discrimination. This applies especially to any com- 
parison between locomotives of different designs, as many factors enter 
into any calculation as to maintenance expenses. The figures are 
always given in terms of pence, cents, centimes, or pfennigs per loco- 
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motive-mile or kilometre. Several questions immediately present 
themselves, such as— 


What proportion of the mileage was worked by the locomotive 
running light? 

What is the capacity of the locomotive ? 

What is included in the maintenance costs? For example, do 
they include alterations and abnormal expenses, such as the 
addition of pony axles, or substitution of bogies for pony axles ? 

What are the standard rates of wages of the repairing staff ? 

What percentage do the shop expenses and cost of supervision 
bear to the wages? 

Is the figure given as the result of one special year’s work, or as 
the average of several years? 


It is obvious that unless some idea can be obtained as to the answers 
to these and similar questions any actual figures as to maintenance can 
only be of a very limited utility. In spite of that, however, the few 
figures that are available may be of some interest. 


1. The maintenance cost of the double bogie locomotives on the 
Metropolitan District Railway has been stated to be o'sd. per 
locomotive-mile. The capacity of the locomotive is 8oo h.p. 

2. For the New York Central locomotives the average cost for 
four years is 3 cents per mile run. 

3. For the Pennsylvania Railroad double locomotives the cost is 
just under 6 cents. 

` 4. The New York, New Haven, and Hartford Railroad locomo- 
tives аге of several different designs, and the maintenance 
costs vary accordingly from about 6 cents to 14 cents per 
mile. 


(c) EXTERNAL REQUIREMENTS. 


The third consideration in the list may be put quite shortly, viz. 
that the locomotive must be properly adapted to external requirements. 
These requirements are principally those appertaining to the per- 
manent way, including the road bed itself with the running rails, 
underbridges, viaducts, etc, and also the overbridges and other 
structures. 

Beginning with the latter as being the simplest, it is hardly neces- 
sary to emphasize the need for designing the locomotive, so that all 
parts of it are at all times within the loading gauge. The only excep- 
tions to this rule are in regard to the current collectors, whether third- 
rail shoes or other means for collecting from an overhead conductor, 
and any such mechanical devices as trip-cock levers, etc., designed for 
operation by contact with ramps or fouling bars fixed on the track. 
The only remark that need be made in this connection is that the 
loading gauge is not the same for all railways— not even for all English 
railways as is sometimes thought—but varies between fairly wide limits, 
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Speaking generally, it may be said that the loading gauge, so far as 
main-line railways are concerned, has no great influence on the design 
of an electric locomotive, and in this respect there is a marked contrast 
between electric and steam locomotives. It is well known that in this 
couniry, where the loading gauge is smaller than it is in other countries 
(principally North and South America), steam locomotives have prac- 
tically reached the limit of capacity, as any further increase could only 
be made by exceeding the permissible dimensions. On the other hand 
the electric locomotive is up to the present far from the limit, and 
it may safely be said that electric locomotives will be able in the future 
to meet all the demands put upon them without being hampered by the 
loading gauge. 

The demands are not purely arbitrary ; they are determined by two 
factors: (1) the drawbar pull required ; (2) the speed at which this 
pull must be exerted. On railways in this country the drawbar pull 
is in general limited to 28,000 lb. 'The speed at which this pull is 
exerted is comparatively low in the case of steam locomotives, the pull 
always falling as the speed rises. In the case of electric locomotives 
a higher speed may reasonably be looked for. Even supposing a speed 
of 40 miles per hour were asked for, which is probably far beyond 
actual requirements at all events for a long time to come, the loco- 
motive would have to be equipped with motors having an aggregate 
capacity of a little over 3,000 h.p. If a high value of the maximum 
speed were not required, such an equipment would present no serious 
difficulties. Even if the locomotive werc specified to be capable of 
running at express speeds, in addition to being capable of exerting 
а drawbar pull of 28,000 lb. at go miles per hour, there would be no 
difficulty in taking two locomotives of 1,590 h.p. each and coupling 
them together as a single locomotive with a single driver and his mate, 
this proceeding not being open to the same objections as double 
heading with steam locomotives. 

Strictly speaking, the gauge of the tracks is included in the loading 
gauge, and this dimension obviously exerts an important influence on 
locomotive design, as it sets a very definite limit to the size of any 
geared motor that can be got between the driving wheels. А gauge 
of 5ft. 6 in., as is found on some South American, Indian, and other 
lines, obviously offers far greater possibilities than the metre gauge 
found in South Africa and elsewhere. 

А far more important point, and one much more difficult to be dealt 
with satisfactorily, is the urgent necessity of designing the locomotive 
so that its use does not involve any abnormal wear or damage to the 
road bed and the track itself. So far as the road bed is concerned, the 
first consideration is that the permissible axle load shall not be ex- 
ceeded and that the total load shall not be concentrated beyond a 
certain limit. These conditions vary on different parts of the same 
railway, and are principally determined by the strength of the 
structures over which the lines passes. 

Assuming, however, that these conditions are satisfied, as of course 
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they must be, the question then arises as to whether one design of 
locomotive rather than another tends to damage the track under normal 
conditions of service. In this matter it is necessary to distinguish 
between one kind of damage and another, that is, between damage 
leading to an increased cost of maintenance and damage which may 
lead to accidents. 

These two conditions, which should obviously so far as possible 
be excluded, are principally due to abnormal rapid wear of the rails 
on the one hand, and on the other hand to the spreading of the rails 
under the transverse pressure of the wheel flanges. 

Wear of the rails has been principally noticed on urban electric 
railways, where the conditions of service are very severe, the frequency 
of trains being high and the acceleration and retardation considerably 
greater than in the case of steam trains. On the London underground 
railways this trouble was very marked in the early days of electric 
operation, although in recent years a great improvement has been 
effected by the use of special rails. 

To some extent this wear must be due to the high values of the 
tractive effort during the accelerating period, and of the retarding 
effort during the braking period. In at least one of the London tubes 
it is almost the regular practice, as judged by the sound of the gearing, 
to skid the driving wheels every time the train starts. This must have 
a considerable effect not only on the wheel tyres but also on the rails. 

Whether, apart from the design of the rolling stock, there are other 
determining causes producingrapid wear cannot very well be discussed 
here. The main question is whether the rolling stock can be designed 
so as to eliminate or reduce the trouble. Attention has been directed 
from time to time to the importance of keeping up the centre of 
gravity of the electrically equipped rolling stock, and of reducing 
as far as practicable the load carried directly by the axles, 7.¢. without 
the interposition of springs. I am not qualified to discuss this matter 
in the light of any actual experience, but so far as locomotives are 
concerned it seems hardly necessary. It will be admitted that on 
urban lines, where traffic is very dense and where rapid deterioration 
of the rails is principally experienced, locomotives are not extensively 
used. The railways where electric locomotives are employed are 
mostly of the nature of main lines ; a glance through the brief descrip- 
tion of the various locomotives illustrated in the first part of this paper 
will make that evident. On such lines traffic is very light in com- 
parison with the density on urban railways. Moreover, whereas on 
urban railways motor coach trains are used, each containing several 
motor coaches, at all events during the rush hours, on the main lines 
each train is as a rule hauled by a single locomotive, and therefore 
the number of driving axles is much smaller. 

Rapid deterioration of the rails is for these reasons not likely to 
occur on those railways where electric locomotives are principally 
used, and whether or not it be desirable to raise the centre of gravity 
and reduce the dead load in the case of urban railways in order to keep 
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down the wear of the rails, it cannot therefore be of great importance 
in the case of main lines operated electrically. If any distinction is 
made between the two requirements, the height of the centre of gravity 
is probably of less importance than the dead load. The latter, if 
excessive, may probably make itself felt in hammering action at points 
and crossings. 

The case of the electrified tracks out of the Central Terminal in 
New York may be mentioned in corroboration of these views. On 
these tracks full-length heavy trains are hauled by electric locomotives 
of different classes, belonging to the New York Central Railroad and 
the New York, New Haven, and Hartford Railroad. The former are 
continuous-current, and the latter combined continuous-current and 
single-phase alternating-current machines, and in both cases the motors 
are concentric with the driving axles and the centre of gravity is low. 
In the continuous-current locomotives the centre of gravity is only 
about 42 in. above rail level, and the dead load, which amounts to 
12,900 lb. per driving axle, consists of a pair of wheels, the axle, the axle- 
boxes, and the motor armature which is built direct on the axle. In the 
other, the combined continuous-current and single-phase alternating- 
current locomotive, the dead load consists only of the axle, the axle- 
boxes, and the pair of wheels, as the whole motor, including the 
armature, is supported on springs. 

When electrical operation started on these: lines, the tracks were 
relaid with тоо-1Ь. rails, and I am informed that no complaints have 
been mide by the Permanent Way Department on the score of 
excessive wear. 

All these remarks apply only to the question of track maintenance 
andrenewals. The problem of designing a locomotive of any particular 
class so that its operation shall not tend to spread the rails and thus 
open the way for accidents due to derailment is quite a different 
matter. Of the two conditions, viz. high centre of gravity and small 
dead load, I think it will be gencrally admitted that the latter, in itself, 
has no influence on the problem. On the other hand, the height of the 
centre of gravity in relation to the running qualities of a locomotive has 
been the subject of a good deal of discussion. If I may venture to 
express an opinion, I would say that the whole matter is still undecided. 
Contrary opinions have been expressed by railwav engineers, each 
backed by personal experience, and the conclusion I have arrived at 
after discussing the matter with engineers in this country, in the 
United States, and on the Continent, is that no general agreement on 
the point will be reached until more experience with different designs 
has been acquired. 

So far as I have been able to gather it together, the actual experience 
seems to be more or less as follows :— 

The spreading of the track appears to be due to the swaying of 
the locomotive from side to side, a proceeding generally known as 
“nosing.” The cause of this action does not seem to be very well 
known, especially as it has been observed with steam locomotives 

Vor. 51. 49 | 
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and with electric locomotives in which there is no reciprocating 
motion. 

The tendency to “nose,” or at all events the liability to cause 
damage to the track on this account, appears to be dependent on the 
speed of travel, and as the obvicus cure is to provide means on the 
locomotives which will oppose any tendency to nose, it is customary to 
equip steam locomotives intended for speeds higher than about 40 miles 
per hour with either a radial axle, or a single-axle bogie, or a two-axle 
bogie in front of the driving axles. I believe the usual practice with 
steam locomotives is to limit the speed as follows :— 


Without leading pony axles—4o to 45 miles per hour. 
With leading radial axle or single axle bogie—60 to 65 miles 
per hour. 


and to use a leading two-axle bogie for speeds above 65 miles per hour. 

With electric locomotives there is not a large volume of experience 
bearing on this poirit, principally because the large majority of such 
locomotives at work in the various countries are designed for fairlv low 
speeds, and many arc of tbe double-bogie type. Mention must be 
made, however, of those of the New York Central Railroad, the New 
York, New Haven, and Hartford Railroad, the Pennsylvania Railroad, 
and the single-phase locomotives of the Prussian and Baden State 
Railways. 

The New York Central locomotives were originally designed with 
four direct-driven axles, and a leading and a trailing pony axle. This 
arrangement was found unsatisfactory, and most of the locomotives, in 
fact all except a few which are used for shunting work, were modified 
by the substitution of a leading and a trailing two-axle bogie for the two 
pony axles. With the present arrangements the running of the loco- 
motives at any speed up to 60 miles an hour is regarded as perfectly 
satisfactory, provided the running gear is well maintained. Higher 
speeds than 60 miles per hour are not required. 

On the first single-phase continuous-current locomotives of the New 
York, New Haven, and Hartford Railroad a similar modification was 
found necessary, each of the two bogies on cach locomotive being 
fitted with a leading pony axle. 

The principal experience in this connection is due to the investiga- 
tions of the “ Locomotive Committee " of the Pennsylvania Railroad, 
appointed to devclop a suitable locomotive for the electrification scheme 
in New York. Experiments of an elaborate nature were carried out on 
a double-bogie locomotive, the two bogies being articulated, originally 
designed for a maximum speed of 45 miles per hour, but modified by 
changing the gear ratio to permit of speeds up to 65 miles per hour 
bcing obtained. 

It was found that when the locomotive travelled at more than 45 
miles per hour the lateral swaying was such as to cause excessive 
pressures on the rails. At the same time similar tests were instituted 
with steam locomotives of the ' American” type at speeds from 7o ta 
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95 miles per hour. On comparing the results obtained, it was found 
that the lateral pressure on the rail was very much less with the steam 
locomotive than with the articulated-bogie electric locomotive. 

On the basis of these tests an entirely new design was prepared, in 
which the general features of the “ American” type of steam locomotive 
were adopted, but modified so as to substitute the electric motors for the 
boiler and the cylinders, etc. The resulting design is shown in Fig. 16 
and has already been referred to. The principal characteristics are :— 


I. High centre of gravity. 

2. Small dead load on the axles. 

3. Àn unsymmetrical distribution of wheel base in each separate 
unit. 

4. Each locomotive unit is carried partly on driving and partly on 
running axles. 


With regard to these points, the centre of gravity of the locomotive 
as actually constructed is 63} in. above the rail level, which is prac- 
tically identical with the same dimension of an * American "-type steam 
locomotive. The centre of gravity of the articulated-bogie locomotive 
experimented on was 42} in. above the rail level, so that a substantial 
increase in this characteristic dimension has been secured by the new 
design. 

As the first locomotive built on these lines, and tested in exactly the 
same way as the bogie locomotive and the steam engine had been, gave 
results better even than those obtained with the steam engine, a number 
of similar locomotives were built and put into service with satisfactory 
results. 

Finally, the connecting-rod locomotives built for the Baden and the 
Prussian State Railways may be referred to. Although no elaborate 
tests have been undertaken, I understand that there is no evidence 
of any “nosing,” although with some of the locomotives high speeds 
have been reached. This appears to be true of all the different loco- 
motives put into service, and seems, therefore, to be independent of 
whether the wheel-base arrangement is symmetrical or unsymmetrical. 

Taking these various experiences with locomotives of several 
different designs together, one might suggest that so far as “ nosing " 
and damage to track therefrom are concerned, the most important 
requirement for a successful design is that sufficient provision should 
be made for guiding the movement of the locomotive by means of 
leading and trailing pony axles, single-axle, or double-axle bogies, 
according to the maximum speed required, and that the height of the 
centre of gravity above the rail level is of secondary importance. Such 
a suggestion, however, can only be regarded as provisional until further 
experience makes it possible to form a more definite opinion. 


(d) SKIDDING. 


Dealing briefly with the fourth consideration, it is generally 
admitted to be desirable that the motor equipment should be capable 
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of skidding the driving wheels without injury to the motors themselves. 
If this provision is not made, there is always the possibility that the 
motors may be damaged by a careless driver notching up too fast. 
The turning moment necessary to skid the driving wheels will 
naturally depend on the adhesion between the wheels and the rails. 
It appears to be the general practice in America and on the Continent 
to assume for this purpose a coefficient of about }, or 30 per cent. 
Such a high value is only reached under the most favourable 
circumstances. 
(e) Look-our. 

The arrangement of the various parts of the electric equipment 
apart from the motors should conform to two requirements: (1) it 
should facilitate inspection and maintenance operations ; (2) it should 
not so far as practicable interfere with the driver's look-out, principally 
in front and preferably in all directions. 

When the motors are mounted on the bogies and suspended in the 
ordinary way with axle bearings and suspension springs, the whole 
body of the locomotive above the floor level is available for the driver 
and the equipment. In such a case, unless there is a great deal of 
apparatus to be disposed of, as for example when the locomotive is 
designed for working on single-phase alternating current as well as on 
continuous current, it is usual to construct the body with a central cab 
and two sloping ends. In the cab the driving apparatus is installed, 
comprising generally two master controllers, with brake valves, etc., so 
that the locomotive can be controlled from either end of the cab. The 
central portion also contains the motor compressor and the boiler for 
heating the passenger coaches, when this is required. In some loco- 
motives also there is a motor-driven blower in the driver’s compart- 
ment, but in other cases, as for example on the 1,500-volt continuous- 
current locomotives of the Piedmont Traction Company, the blowers, 
which are combined with the dynamotors and the compressors, are 
fixed in the sloping ends. With either arrangement, however, the 
apparatus in the central compartment is not such as to interfere with 
the driver's look-out in all directions. The sloping ends are then 
available for the contactors, the resistances, the air reservoirs, and the 
sand boxes. 

In my opinion the best arrangement on general grounds is to put 
all running machinery, motors, blowers, compressors, or dynamotors, 
in the driver's cab, where they are immediately available for examin- 
ation at any time ; to put the contactors in the sloping ends but in such 
a position that they can easily be got at from the cab by removing 
doors ; to put the resistances in the ends close to the contractors arrang- 
ing for the necessary ventilation for cooling purposes ; and to fix the air 
tanks which require least attention wherever there is space available. 

Fig. 27 shows the general arrangement of apparatus on the loco- 
motives built by the General Electric Company for the Detroit River 
Tunnel, and Fig. 28 shows the somewhat similar arrangement on the 
New York Central locomotives. 
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On the other hand, where the motors are mounted in the body of 
the locomotives, the arrangement almost necessarily leads to the box or 
coach type of body, in which there is a separate driver's compartment 
at each end of the locomotive. As two examples of this construction 
—the Pennyslvania Railroad locomotive and the C+ C locomotive 
equipped by the Oerlikon Company for the Lótschberg Tunnel line 
may be mentioned. The general arrangement of apparatus on the 
former is shown in Fig. 29 and of the latter in Fig. зо. 

The experimental single-phase locomotive equipped by Siemens 
Schuckert Werke for the Wiesentalbahn is an exception. In this 
case the motors are mounted in the sloping ends, and the rest of the 
apparatus is in the central driver's compartment. This arrangement, 
however, is not being repeated in the remaining nine locomotives for 
this line. 


Having now touched upon the various considerations which should 
be taken into account in deciding on the design of an electric loco- 
motive for any special service, it may be worth while to refer once 
more to the four different classes of locomotive which are suggested as 
being sufficient to meet all the requirements of a main-line railway in 
this country. | 

Only provisional suggestions with regard to each of the different 
types can be made, because in any particular case the whole design 
hangs together, the mechanical arrangement depending on the 
dimensions of the motor, and vice versa. Before the motor itself can 
be designed to suit any suggested mechanical arrangement of the 
running gear, numerous questions must be definitely decided, e.g. is 
the motor intended for high- or low-tension continuous current, 
three-phase or single-phase alternating current? What is the maximum 
locomotive speed, the average speed, the maximum and the average 
torque, the speeds corresponding with the maximum and average 
values of the torque, etc. ? All these questions must be dealt with 
before a design can bé worked out, and can only be answered after 
careful study of the local conditions and the specified duty of the 
locomotive. The following somewhat general remarks, however, may 
serve to illustrate by concrete examples some of the considerations 
brought forward in this paper :— 

Shunting Locomotive-—This may be a double-bogie locomotive with 
. a total weight of about бо tons, equipped with four standard geared 
motors with an aggregate capacity of about 600 h.p. on the one- 
hour rating. It should be of the steeple type with central driver's 
compartment and sloping ends. 

Freight Locomoiive.—'This also may be of the double-bogie steeple 
type, as the maximum speed is not required to exceed 45 miles per 
hour. It will be equipped with four geared motors with an aggregate 
capacity of about 1,200 h.p. on the one-hour rating. 

Local Passenger Locomotive.—The maximum suggested speed being 
65 miles per hour, it is advisable that leading and trailing radial axles, 
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or single-axle trucks, should be provided. For the driving axles 
several alternatives suggest themselves. For purposes of adhesion, 
two driving axles carrying 16 tons per axle should be sufficient. These 
two axles might perhaps be driven by two pairs of geared motors, each 
pair geared to a single gear-wheel, as in the articulated bogie locomo- 
tive supplied by the Westinghouse Company to the New York, New 
Haven, and Hartford Railroad. Each motor would have a one-hour 
rating of about 275 h.p. and the design would have to be carefully 
worked out before an opinion could be expressed whether at the 
maximum speed the gear velocity would be excessive. 

If the large number of motors were objected to, the alternative 
would be to dispense with gearing altogether and to drive by means of 
connecting rods. In this case, assuming the maximum angular 
velocity of the driving wheels to be 500 r.p.m., the diameter would 
be about 46 in. If the limiting peripheral velocity is assumed as 
44 metres per sec. (8,600 ft. per min.) the armature diameter will 
be 1,680 mm. А single motor of 1,100 h.p. could easily be built with 
an armature of this size, and could be connected to the driving axles 
through the intermediary of a jack shaft. 

Or it would be possible to use two 550-h.p. motors running at 
a comparatively low speed, both coupled to a central jack shaft 
between the driving axles. 

Express Passenger Locomotive-—This locomotive should have leading 
and trailing two-axle bogies, and three driving axles. To permit of 
high speeds being attained, the driving wheels should have a diameter 
of not less than about 60 in. The equipment may then consist of 
two 1,200 h.p. motors, probably mounted in the body of the locomotive 
and driving together on to a jack shaft between the central and one of 
the outer driving axles. A possible alternative is to connect the two 
motor axles to the central driving axle by Scotch yokes. The best 
arrangement, however, can only be decided on after suitable motors 
have been worked out to meet the different conditions. 


In conclusion, I should like to state that the suggestions put 
forward above are purely tentative, and are mentioned principally for 
the sake of directing attention to the problems that will undoubtedly 
be met with in the immediate future, whether they arise exactly in the 
form assumed in this paper or not. 

I would also remark that I have been careful to exclude any 
reference to the question of the electrical system on which railways 
mav be electrified, as this question has been thoroughly discussed in 
the past few years by engineers far more competent than myself, but 
without any agreement having been reached. The question has also 
but a slight bearing on the subject-matter of this paper. 

The various figures assumed in the rough calculations as to motor 
dimensions, armature peripheral velocities, and gear velocities, are not 
to be taken in any sense as representing the actual practice of any 
manufacturer. They are merely approximate, but are sufficiently close 
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to the general practice in such matters, so far as this is known to me, 
to substantiate the various lines of argument put forward. 

It is my hope that the subject of electric locomotive design will 
attract during the next few years as much attention in this country as 
it has done in recent years in America and on the Continent, and it is 
with this end in view that this paper is brought before the Institution. 

Finally, I have to express my thanks to several engineers who have 
most kindly given me assistance in one way or another. During 
my visit last autumn to the United States the engineers of the principal 
electrified railroads gave me valuable information in addition to 
facilities for inspecting the locomotives. In particular, I wish to 
express my obligations to Mr. Gibbs of the Pennsylvania Railroad, 
Mr. Katte of the New York Central Railroad, and Mr. Murray of the 
New York, New Haven, and Hartford Railroad, and to their respective 
assistants, who did everything possible to help me. 

I have also to thank the authorities of the Prussian State Railways 
for permission to inspect the locomotives on the Dessau-Bitterfeld 
line ; and acknowledgments are also due to the various electrical 
manufacturers who have provided me with descriptions, drawings, 
and photographs of the locomotives constructed or equipped by them. 
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THE EFFICIENCY OF THE POLYPHASE INDUC- 
TION MOTOR FROM THE CURRENT (CIRCLE) 
DIAGRAM; TOGETHER WITH AN EQUATION 
CONNECTING THE OUTPUT AND INPUT OF 
THE GENERAL ELECTRIC CIRCUIT, 


By J. 5. NICHOLSON, B.Sc., Associate Member. 


(Paper first received 14th November, 1912, and in final form 4th Fuly, 
1913.) 


In a former article * a graphical method was described for deter- 
mining the efficiency of a polyphase induction motor from the current 
(circle) diagram. Two electric circuits were given, Figs. 1 and 2, each 
of which under certain assumptions may be considered to represent the 
polyphase induction motor (per phase). The electric circuit (a) in 
Fig. 1 gives a very close approximation to the conditions obtaining 


Fic. 1.—Electric Circuit (a). 


in the polyphase induction motor ; the energy expended in the variable 
non-inductive resistance, r; corresponds to the useful output of the 
induction motor, and the remaining quantities rj, 7,, xj, х, etc., are 
constants obtained by direct measurement on the motor or by 
calculation from the no-load and short-circuit test results. 

The electric circuit (b) may be considered a simplification of 
circuit (a), in so far as the quantities 7; and x1 do not appear directly, 
but are included in the other quantities, mainly іп 7, and +, The 
energy expended in the variable non-inductive resistance r; again 


* Journal of the Institution of Electrical Engineers, vol. 49, p. 297, 1912. 
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corresponds to the useful output of the induction motor, and the 
remaining quantities 7, x,, 72, and x, are calculated from the no-load 
and short-circuit test results of the induction motor. The quantities, 
To, х, etc., in circuit (a) are not equal to the corresponding quantities 
їп circuit (b). Circuits (а) and (b), for equal applied E.M.F.’s, E, 
take the same no-load and short-circuit currents at the same power 
factors, etc. 

The constants of these two circuits may be written as follows * : 
Zo» Үоо, £o», and b,,are the no-load impedance, admittance, conductance, 
and susceptance, respectively, of circuits (a) and (b). Zz, rz, and x, are 
the short-circuit impedance, resistance, and reactance, respectively, of 
circuits (a) and (b). | 


4 > 7; а 
Р OOO 

4 SL 

269) Ф 
E ow, 7; 
6 Aoc (^) 
х= H 
1, 45 I; а 
| OC. 


Fic. 2.—Electric Circuit (b). 


Lo W., and cos ф, are the no-load current, losses, and power factor, 
respectively, at full terminal E.M.F., E, of circuits (a) and (b). 


W, = E, L, cos ġo 
= E? g, watts input per phase on no-load. 


I, and cos ¢, are the short-circuit current and power-factor respec- 
tively at the full applied terminal E.M.F., Е,. 

E, is the E.M.F. which must be applied on short-circuit to give the 
current I; and W, is the corresponding short-circuit loss (per phase). 

Е, = 1, 2, апа W, = Ij? r = Е, 1, cos фа. 

The current diagram for the circuits (a) and (b) is shown in Fig. 3. 
ОА and O Krepresent the no-load and short-circuit currents, Ij, and I; ; 
C; and C, are the centres of the current circles for the electric circuits 
(а) and (b) respectively, C; being obtained from the expression— 


Bot т (ме + bdr) _ 
b, + X1 (ys? + b, xa) + 2 


tan a, = 


* The suffix “ о” has already been applied to the quantities in the branch circuits 
of (a) and (b), and hence to avoid confusion the double suffix * oo" has been applied 
to all the no-load quantities with the exception of W, and cos фе, 
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where g,, ba etc., are the constants of circuit (a), whilst C, is vertically 
above the no-load point A, or may be obtained from the expression— 


£c 
hok 


2 X, 


tan а, = ў 


where g, ba and x, are constants in circuit (b). The distance between 
the centres C; and C, has been intentionally exaggerated in order 


Fic. 3.— Combined Current Diagrams for Circuits (a) and (b). 
C, С, shown exaggerated. 


to distinguish between the two circles. The straight line KA has 
been produced to meet the vertical axis at the point T, and TN is 
drawn parallel to the horizontal axis. O P, represents some value of 
the load current, Ij, at a power-factor cos $1, for circuit (b), and the 
ratio Q: P,/Q, №, gives the corresponding efficiency of circuit (b).* 


О, P, I 2° T: W, 


Q.N, ПЕ, соѕ фи Wr 


* Fournal of the Institution of Electrical Engineers, vol. 49, р. 301, 1912. 
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If, however, curves of efficiency of circuits (a) and (b) be plotted 
against the watt current, I, cos 4;, or against the watt input, Wi, it will 
be found in most cases difficult to distinguish between the efficiencies ; 
the efficiency curves overlap, showing that for equal inputs (and 
therefore also outputs) the efficiency of circuit (a) is equal to that 
of circuit (b). The accuracy of this statement has been proved by 
a series of load and other tests on a three-phase induction motor giving 
IO b.h.p. at a normal stator phase E.M.F. of 110 volts and a current of 
29 amperes. The results of two series of tests are given later in 
tabular form (see pages 784 and 789) and in Figs. 6 and 9. 

The following mathematical proof is also given, showing that the 
efficiencies for equal inputs, Wi, must in the ordinary case be very 
approximately equal. 


MATHEMATICAL EXPRESSION FOR THE OUTPUT OF THE GENERAL 
ELECTRIC CiRCUIT IN TERMs OF THE INPUT, THE POWER FACTOR 
AND THE CONSTANTS Z4, AND Y,, OF THE CIRCUIT. 


The principal equations of every electric circuit may be written 

in the form :— | E 
E,—C,(E—hZ)........ (1) 
L=C(i—E,Y.)........ (2) 

where E, and I, are the E.M.F. and current respectively at the load 
terminals ; and E, and 1, are the E.M.F. and current impressed on the 
circuit. In Figs. 1 and 2, E, is the E.M.F. at the terminals of the load 
resistance, 7; С, is the ratio of the impressed E.M.F., E, to the load 
E.M.F., E, on no-load. C; — EÈ, (on no-load), and C, is the ratio of 
the currents I, and I, on short-circuit ; C, = ЇЙЇ (short-circuit 
currents). | 

It will be assumed that the applied E.M.F., E, remains constant, 
whilst the E.M.F., E, will depend on the impedance of the 1oad circuit. 
The applied E.M.F., E, is also assumed to vary as a simple sine function 
of the time, but if it is not a simple sine function of the time, it will only 
be necessary to resolve it into its various harmonics and apply these 
in turn at the terminals of the circuit, superposing the resulting 
currents, etc. 

Every electric circuit is defined by the four constants, Ci, Ca, 2, and 
Yæ and the following relation holds for these constants *— 


C: C, (1 — Ys Z) 71. . ee s s a. (3) 
In these three equations all the quantities are complex, of the 


form (a —jb) where j=,/—1, for example, Z= rą —j хь and 
© Yo = go +f 5. Multiplying equations (1) and (2) together, we get— 


É,I, = С, (E, 1 2) Ci (d — E, Y). 
== С, С, (E, + Е.Ү: 1.7: Е. ЕЎ 
= үсу; - {Èi + LE, EL —h Es} e œ (4) 


* J. L. la Cour, Leerlauf und Kurzschlussversuch in Theorie und Praxis. 
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It will be found that for a wide range of electric circuits equivalent 
to alternating-current transmission circuits, transformers, machines, 


ctc., the constant C = C, C is very approximately equal to 


I 
үш bon Le 
unity, since Y,, is usually very small.* The application of formula (4) to 
the calculation of the output and efficiency of most equivalent electric 
circuits is therefore greatly simplified. In those cases where C — 1 we 
may, instead of the above equation containing the complex variable, 
substitute equation (5) containing only real variables. 


М, = С (М Ч М МУ, М). .. . . . (5) 


where W, is the real portion of ће complex quantity E, L,, 


W, == E, I, cos ¢, = output from the circuit, 
= I,? 7; for circuits (a) and (b); 
similarly-- ҮҮ, = Е,1, cos фу = input to the circuit, 
W, — E,L, cos ф, = open-circuit losses, 
W,= Е, 1 cos ġ = short-circuit losses corresponding to 
the current I), 
= Ij? Y, 
and— Woe = E Loo COS Qor 


where 9,4 is the :phase angle between E, and I,, corresponding to the 
particular value of I; and cos фу under consideration (see Fig. 4). 


orn = $o + $4 — $i. 
А I 
C is the modulus of the expression I2: Y 
| I Ре 
Let— палио дь дасе ? +97. 
Тһеп— C= Jf + Ф. 


In equation 5, С апа W, are constants; W, may be determined 
when I; is known; W,, is determined when I; and cos ф are known. 
Hence for any given value of W, we may calculate the corresponding 
value of W, when the no-load and short-circuit test results and the 
power factor, cos фу are known. 

So far as the author can tell, this equation is now given for the first 
time; the four terms М, Wa W,,, and C are in practice readily 
obtainable, and hence an accurate determination of the efficiency 


s of many equivalent electric circuits is possible. 
1 


APPLICATION OF EQUATION (5) TO THE ELECTRIC CIRCUITS (a) AND (5) 


The efficiency of each of the electric circuits (a) and (6) may be 


similarly deduced since the (circle) current diagrams give a ready ¢ 


«а 
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method for obtaining the power factor, cos фу, corresponding to any 
input W,. In these two circuits and especially in circuit (a) where 
C, = C, = І, equation (5) will give results which are probably always 
correct to well within one-tenth of 1 per cent. The efficiencies so 
obtained may then be compared with each other and with the corre- 
sponding efficiencies which have been obtained, graphically, for circuit 
(b). In our present examples, W,, will for all loads (with the exception 
of very light loads) be negative since the angle ¢,, between I~ and Е, 
will be greater than 90° (see Fig. 4). W, will therefore have the same 
sign as — W, and — W,. 


Ек", Хк. 


FIG. 4. 


We may therefore write Wa — W, — М, == — W,, giving 
W,=C(Wi—Ws). ........ (6) 


For a given input Wi, the watt coinponents, I, cos фу, of the current 1, 
for circuits (a) and (b) are equal, and a slight consideration of the 
current diagrams will show that W, is very approximately the same for 
both circuits. The circuit with the largest I; will have the largest W, 
and the smallest МУ, the increase іп W, in the one circuit being 
counterbalanced by a diminution in W,, in the same circuit. The 
corresponding efficiencies of circuits (a) and (b) must therefore be 
almost identical when the circuits have the same open circuit and 
short-circuit constants. Examples are given in the tables on pp. 786 
and 791. 


RESULTS OF EXPERIMENTS ON INDUCTION MOTOR. 


The normal rating of the three-phase induction motor per phase 
was 110 volts, and 29 amperes. On raising the stator phase-voltage to 
130 volts a considerable improvement was obtained in the efficiency 
with a slight reduction in the power factor. 
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The following test results at 129 volts were obtained :— 


(a) No-load test: Е, = 12972 volts, I,,=11'16 amperes, 
W, = 242 watts per phase, and cos ф„== о'168. 

(b) Short-circuit test: Е, = 12972 volts, I,==131°2 amperes, 
T =0°390 ohm, x, = 0:904 ohm, and cos ġ = 0:396. 

(c) Stator phase-resistance : 7; = 0°160 ohm. | 

(d) Load test with eddy-current brake. 


Stator а 
Phase | actor, | Brakeload Remarks, 
Wi watts. | 99991: |^ Input Watts 

| 
1,ООО 0'570 07765 Load test at 1292 volts, phase 
1,500 0°708 0°825 E.M.F. The watts input was 
2,000 0°786 0°848 measured by the two-wattmeter 
2,500 0'827 0°855 method, and the power factor was 
3,000 o'851 0°855 obtained from the ratioof the two 
3,500 0'863 o'850 wattmeter readings,and checked 
4,000 o'869 0'844 by the ratio of the number of ' 
4,500 0°872 | 0:834 watts to the volt-amperes. 


DETERMINATION OF THE CONSTANTS IN CIRCUITS (а) AND (b) FROM 
THE ABOVE TEST RESULTS. 


Circuit (a).—Fig. 1: n 20160 ohm. Assuming tı =+7,= $ x, we 
get x; 20450 ohm; then from the no-load test we obtain 7, = 1778, 
ohms and x, = 10:9; ohms, and finally from the short-circuit test results 
and the above values for 71, 21, ro and x, we obtain 7, = 0'247 ohm, and 
xı =0'471 ohm. g,==0'01446 mho, b, = 0'0889 mho, y,2-0'09o1 mho, 
and tan a, = 00371. 

Circuit (b).—Fig. 2: From the no-load test results we get r, = 1°94, 
ohms, x, = 1 1'41 ohms, z, — 11°58 ohms ; and from the short-circuit 
test results aud these values we obtain 7, = 0'446 ohm and x, = 0:976 
ohm. g,==0'0144, mho, 6,==0'0851, mho, y,= 00863, mho, and 
tan a; = 0'0243. 


DETERMINATION OF THE CONSTANT “С” IN EQUATION (5). 


I. From the no-load test results we obtain— 
Yo = -— 225 == 0'08635 mho. 
boo == Yoo SIN $, = 0'08513 mho. 
£00 = yo, . COS $o = 0'01449 Mho. 


Yoo = £o TJ. 
= 0'01449 + 0'0851,/. 
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2. From the short-circuit test results we obtain— 
Ze = Tk — j х4 
. 7207390 — 0'904 j. 
Then— NS Z, = (0°0144, + 00851, 7) (0390 — 0°904 j) 
= 0'0826, + 070201 j. 


I — Y,, Zk = 0'917, — 00201 j. 


I I 
C = modulus of Ty = 


YeZ, V4 { (0'91 7? + (o'o201)*] 
— I — I’ О 
Togig A 
Cos ф„== 0'168, therefore ф, = 80° — 21’. 
Cos фа == 0'396, therefore 9, == 66? — 40’. 


The circle (current) diagrams for circuits (a) and (b) are shown in 
Fig.5. The power factors of circuits (a) and (b) and the efficiency of 
circuit (b) corresponding to various watt inputs, Wi, have been graphi- 
cally determined from these current diagrams and are shown tabulated 
below :— 


Power Factors and Efficiencies obtained graphically from the Current 
Diagrams Of Circuits (a) and (b), E,==129'2 Volts. 


Current I,, amperes. Power Factor, cos фу. 


Watts Input Efficiency of 
per a ge a EI TT 
pe Circuit (a). Circuit (b). Circuit (a). Circuit (b). 
I,000 13:56 13°64 0°570 0'567 0'740 
1,500 16:3 16°44 0'713 0:708 0'807 
2,000 197 I9'9 0786 0780 0:835« 
2,500 233 23,5 0:830 0'824 0°846 
3,000 272 274 0'854 о'848 0'848 
3,500 312 314 o'869 0:863 0'846 
4,000 354 357 0'875 0869 0839 
5,000 443 44:6 o'851 0:846 o'821 


The efficiencies of circuits (a) and (b) corresponding to the same 
watt inputs, Wi, per phase have also been calculated by means of 
equation (5). The results are given in the following table and are 
plotted in Fig. 6, where the small circles give the experimentally 
determined figures. 

Vor. 51. 50 
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Efficiencies of Circuits (a) and (b) calculated by means of Equation (5), 
Power Factors being obtained from the Circle Diagrams. The 
Efficiencies are given to Four Significant Figures. 


Watts Watts Output, | Efficiency 
Input, (—) Wor. Wo. У We. Ws=(Wot+ Wa—Woa). W- Ws. , 27 __ Wa 
Wi СО М). Sw 
Circuit (a). 
I,000 4°6 | 242 | 717 318 682 743 0°743, 
1,500 | 38°8 | 242 | 103°5 384 1,116 1,216 o°810, 
2,000 | 69'8 | 242 | I51°3 463 1,537 | 1,675 0:837; 
2,500 | 100°8 | 242 | 21272 555 1,945 2,120 0:848, 
3,000 | 12977 | 242 | 2885 660 2,340 2,550 0°850, 
3,500 | 15773 | 242 | 3792 778 2,722 2,967 0°847, 
4,000 | 183'0 | 242 | 489 914 3,086 | 3,364 | 0°841, 
5,000 | 208°4 | 242 | 766 I,216 3,784 4,124 0:824, 
Circuit (b). 
1,000 4°I | 242 | 726 318 681 742 99742 . 
1,500 | 377 | 242 | 1054 385 I,IIS 1,215 | 0:810, ` 
2,000 | 68°4 | 242 | 153°6 404 1,536 1,674 0:837, 
2,500 | 98'9 | 242 | 21572 550 1,944 2,119 0:847, | 
3,000 | 127°5 | 242 | 2925 662 2,338 2,548 0:849, 
3,500 | 1547 | 242 | 384 780 2,720 | 2,905 | 0847. | 
4,000 | 18о'о | 242 | 496 918 3,082 | 3,35 07840, 
5,000 | 205°3 | 242 | 775 1,222 3,778 411 0°823. , 


The above example may be taken as typical of the ordinary 
commercial induction motor where the circle diagrams for the two 
approximately equivalent electric circuits are so nearly coincident that 
at the full load (watt) input the current Ij will probably not be 1 per 
cent greater than 1. Under these circumstances it is evident that the 
efficiencies of the approximately equivalent circuits (a) and (6) for the 
same input (or output) must be the same. 

It may, however, be shown in these cases where the equivalent 
electric circuits (a) and (b) give circle diagrams which are not even 
approximately coincident, that for equal inputs the efficiencies are still 
very approximately the same. The graphical construction given for the 
determination of the efficiency of circuit (b) will therefore still provide 
a simple and accurate means for determining the efficiency of circuit 
(a), and hence of the induction motor. 

In order to ensure that the circle diagrams for circuits (а) and (5) 
are not even approximately coincident, the centre C; of the circle for 
circuit (a) should be well to the right of the centre C, of the circle 
for circuit (b). The centre C, is given by the equation— 


__&+ т (у + Боја) — ` e . . Circuit (a) 
bo + а (yo? + Ым) +>, 


tan a, = 
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Whilst the centre C, is vertically above the no-load point A, or is given 
by the equation— 


& 
b, + 


tan а, = circuit (b) 


— 
2 X, 


The angle a, will be much greater than the angle a, if the stator phase 
resistance, 7,, is relatively great or if the susceptance, b, is high, due to 
saturation of the magnetic circuit. 


а 29 X 


A 


К 


The following practical example will illustrate this case. Equal 
non-inductive resistances, 7,, of approximately 0'40 ohm, were inserted 
in the three stator phases of the induction motor and were treated as 
part of the induction motor, the losses I} r, in each added resistance 
being considered as part of the stator losses. 

The resistance 7), in the equivalent electric circuit (а), now includes 
this resistance, 7,, and the actual stator phase resistance is increased 
from o'160 ohm to 0:578 ohm. 
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In order to obtain normal conditions of operation of the motor at 
full load the applied stator phase E.M.F. was increased from 110 volts 


I: 00 
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to 122 volts then with the full-load current lı, of 30 amperes, the fall of 
potential in », was 12°5 volts and the normal E.M.F. of 110 volts was 
obtained on each stator phase (Fig. 7). 
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RESULTS OF EXPERIMENTS ON INDUCTION MOTOR WITH 0'418 OHM 
(NON-INDUCTIVE) INSERTED IN EACH STATOR PHASE. 


(a) No-load test: E,— 122 volts; I= ror amperes; W, = 264 
watts per phase ; and cos ¢, — 07214. 

(b) Short-circuit test: E,— 122 volts; I,==100° amperes; 
r = 0:808 ohm; zx, z20:9o4 ohm ; z, = 1213 ohms; and cos ф = 0:666. 

(c) Stator phase resistance, rı = o'160 + 0'418 (additional) = 0:578 
ohm. 

(d) Load test with eddy-current brake. 


Stator Input, l Efficiency 
Watts рег BE Power Factor, _ Brake load ‘Remarks. 
V 
1° 


сөз Фу “© Input watts 


I,000 o'641 0:708 Load test at 122 volts 
1,500 0'782 0'755 stator phase E.M.F. 
2,000 0'845 0°763 and withan additional 
2,500 0°878 0°757 resistance (non-induc- 
3,000 0:895 07744 tive) of o'418 ohm in 
3,500 0'904 0'724 each stator phase. 
4,000 м 0'905 0'700 


It is obvious from the above load test results that the insertion of 
the resistance of 0'418 ohm in each stator phase has given an improved 
power factor but has greatly diminished the overall efficiency: the I?r 
losses are now so great that the cfficiency is a maximum at about half 
load. 


DETERMINATION OF THE CONSTANTS IN THE EQUIVALENT ELECTRIC 
CIRCUITS (a) AND (D). 


Circuit (a).—Fig. т: п =0:578 ohm. Assume that x; = $ x, = 0'450 
ohm. Then from the no-load test knowing 7 and x; we get r, = 2°01 
ohms, x, = 11:35 ohms, and finally from the short-circuit test and the 
above values for л, xy r, and x, we get r,=0'246 ohm, and 
xı =0'47I ohm. Tan a; = 0'1009. 

Circuit (b).— Fig. 2 : From the no-load test we get r, — 2:59 ohms and 
x, = 11:80 ohms, and from the short-circuit test and the above values of 
апа x, we get r, = 0'936 ohm and х, —0'940 ohm. Tan а, = 0'0289. 


DETERMINATION OF THE CONSTANT “С” IN EQUATION (5). 


т. From the no-load test results we obtain Y. = 0'0828 mho, 
E» = 00177 mho, and 5, —0':0809 mho. 


Ү» = 070177 + 0°0809 j. 
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Then— Yoo Z+ = (070177 + 0*0809 j) (0:808 — 0:904 f). 
= 0'0875 + 004937. 
I — Y,, Z = 0'9012, — 0'0493 j. 


C = modulus of ы ч NENNEN 
I — Yo 4% V4 | (091 2.)? + (0°0493)? } 


I 
ооа — 2 


Cos ¢, = 07214, therefore ф, = 77° — 38’, and 
Cos Ф, = 0'666, therefore ф == 48° — 14'. 


The current diagrams for circuits (a) and (b) are shown in Fig. 8. 
The power factors of circuits (a) and (b) and the efficiency of 
circuit (b) corresponding to various watt inputs, W, per phase, have 
been graphically determined from these current diagrams and are 
tabulated below ;— 
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Power Faclors and Efficiencies oblained graphically from the Current 
Diagrams of Circuits (a) and (b) — E,— 122 volts. 


Watt Input Current I y amperes, Power Factor, cos $, СИИИ 
рег „е uml DD Dl Per I C Cc Circuit (b). 
r Circuit (a). Circuit (b). | Circuit (a). Circuit (b). 
1,000 12°65 13°05 0°648 07628 0:692 
1,500 15'80 163 0'779 0'754 0'756 
2,000 I9'4 200 0:845 o'819 0:768 
2,500 233 240 o'88o 0'854 0'763 
3,000 27 28'2 0:896 0:872 0'747 
3,500 31 32:6 0:902 0:879 0°726 
4,000 362 372 0'905 o'881 0:698 


! 


The efficiencies of circuits (a) and (b) have also been calculated by 
means of equation (5). The results are given in thefollowing table and 
in Fig. 9 :— 


Efficiencies of Circuits (a) and (b) calculated by means of Equation (5), 
Power Faclors being oblained from the Circle Diagrams. 


Watts Watts Output| Efficienc 


Input , C(W, — Ws) 
(—) Woe. | Wo. We. |Ws=(Wot Wz- Мод). | W,—Ws.| per phase, |_ 1 5 
Bi | С( = Wo). |7— Ww, 


Circuit (a). 


4000 | бг'о | 264 |т,118 2,795 0°699 


1,000 | —36°8 | 264, 12972! 350 644 704 |! 0704 
I,500 | —10'0| 264| 201°6 455 1,045 1,142 | обї 
2,000 | +146 |2641 30376 592 1,417 1,550 | 0775 
2,500 | 374/264. 439 740 1,60 | 1,925 0770 
3,000 | 557264, 609 929 2,071 | 2,264 0'755 
3,500 | 696} 264) 816 1,149 2,351 2,572 0°735 
4,000 | 8272 264 |1,058 1,404 2,590 | 2,837 0'709 
Circuit (b). 

1,000 | —42°1 | 264| 1375 360 | 640 701 O'7OI 
1500 | —14'4 | 264| 2I4'5 464 1036 | 1,133 | 0'756 
2,000 | + 4'1|264\| 323 591 | L4 1,541 | 0770 
2,500 | 237|264| 465 752 1,74 L9II | 0765 
3,000 | 39'6|264| 642 945 2,055 | 2,248 | 2749 

| 0727 


3,500 | 5r4|264| 861 1,176 2357 2,543 


A comparison of these efficiencies will show that at full load 
I; = 30 amperes, W, = 3,300 watts (per phase), the efficiencies of circuits 
(а) and (b) differ only by o°7 of т per cent. This close agreement 
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between the efficiencies of the equivalent circuits (а) and (b) in a case 
which was intended to magnify any differences should consequently 
give us a good reason for assuming in the ordinary case a difference of 
less than 0'2 of 1 per cent. 

In the above example the deviation was obtained by raising the 
short-circuit resistance from 0'39 to o'808 ohm, and therefore by 
doubling the copper losses, W. Any considerable difference in I, for 
equal inputs, W,, to these circuits would give variations in the term 
W, which would not be exactly balanced by corresponding changes 
in the term W,,. 
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If the deviation between the current diagrams had been due to 
magnetic saturation of the iron (magnification of the constant 5,) then 
the differences in the corresponding efficiencies of circuits (a) and (5) 
would, as stated, be probably less than о'2 of 1 per cent. 

The efficiencies obtained graphically for circuit (b) agree with those 
obtained by calculation (see tables) These efficiencies plotted on a 
watts input base are shown in Fig. 9. The small circles give the 
experimentally determined values. 

The power factors are also plotted in Fig. 9. The small circles 
again give the experimentally determined values and show that the 
current diagram for circuit (a) agrees with the experimentally deter- 
mined current diagram for the induction motor. 
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PREDETERMINATION OF THE POWER FACTOR AND EFFICIENCY OF THE 
INDUCTION MOTOR FROM THE NO-LOAD AND SHORT-CIRCUIT TEST 
RESULTS. 


It will be advisable to determine the power factor from the circle 
diagram corresponding to the equivalent electric circuit (a); the 
efficiency may then be calculated by means of equation (5), or the circle 
diagram corresponding to the approximately equivalent electric 
circuit (фу will be drawn (its centre C, lies vertically above the 
no-load point, A) and the efficiency determined.graphically therefrom. 

The construction of two circle diagrams may appear at first sight a 
complication, but the author believes the resulting accuracy of the 
efficiency a sufficient reason for the method described. 

In conclusion, the author desires to express his thanks to the 
Carnegie Trust for the Universities of Scotland for the loan of 
ammeters and wattmeter for the carrying out of the tests on the 
induction motor. 
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NEW ALTERNATING-CURRENT COMPENSATION 
APPARATUS FOR TELEPHONIC MEASURE- 


MENTS. 
By A. К. ERLANG, M.A. 


(Paper received 28th Fuly, 1913.) 
DESCRIPTION OF THE APPARATUS. 


The essential parts of the apparatus are (see Fig. 1) : Two cali- 
brated slide-wires M, and M, (each having a resistance of about 50 ohms) 
with a millimetre graduation in both directions from a central zero ; 
two standards of self-induction P, each of o'or henry and 3 ohms; two 
non-inductive coils, Q, of exactly the same resistance as the standards ; 
a transformer, containing no iron, and consisting of a primary coil 
B and a secondary coil A, the mutual inductance being variable 
within certain limits by moving one of the coils. ‘Two sliding contacts, 
each movable along one of the wires M, and M, are during the 


measurements generally connected with different points on the object 
to be measured (which is not shown in the illustration) ; these connec- 
tions (and others which are found desirable later) are facilitated by a 
junction-board having a number of terminals. A telephone receiver 
T, the cords of which are led to this junction-board, forms part of one 


of the above connections. 


THE PRESSURE DIAGRAM. 


When a simple periodic alternating current flows through the two 
parallel circuits consisting of the coils P with the wire M, and the 
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coils Q with the wire M,, the pressure along the wires can be repre- 
sented by means of a vector diagram, as in Fig. 2. The numbers 
shown on this diagram correspond directly with the marking of the 
two scales of the apparatus. 

Knowing the frequency w of the current, and the constants of the 
wires and coils, the angle a between the two lines can easily be deter- 
mined. Taking, for instance, the values given previously, we have— 


w == 2,800 tan a. 


To check the accuracy of the wires, etc., the two junction-terminals 
used for connecting up to the object to be measured can be short- 
circuited ; in that case, on placing the sliding contacts at zero, the 
telephone should be silent. 


THE GENERATOR AND THE FREQUENCY. 


Any alternating-current generator capable of producing currents of 
the desired frequency or frequencies (for instance « — 5,000) may be 
used, provided it gives a wave sufficiently free from harmonics. Its 
output need not be large or very constant, but it is important that the 
frequency should remain practically constant during each measurement. 

For determining the frequency, two methods have been found very 
convenient. First, use can be made of a tuning-fork of the desired fre- 
quency of vibration by comparing the pitches and observing the beats. 
The second method is purely electrical. By connecting the terminals 
of the secondary coil A to the junction-board, it is possible by moving 
the sliding contacts to balance the secondary pressure against the 
potential difference between two points of the wires. Having obtained 
silence in the telephone, the two readings a and b are noted. It is, 
by the way, advisable here to reverse the connections and to take a 
second set of readings, which ought to be equal to the first with the 
signs reversed. A similar check may be applied to all the following 
measurements. Now it can be shown * that 


{ап а = J2(b[a — т), 


and by using the formula for w given above, w can easily be found. It 
must be realized that the ratio bja will be independent of the dis- 
tance between the coils A and В; on the other hand, if the same dis- 
tance is always chosen the reading *a" will be the same for every 
value of w, and the frequency can accordingly be measured rather 
morc easily. 


IMPEDANCE MEASUREMENTS. 

The unknown impedance is connected, together with a known 
resistance, say, 1,000 ohms, in series with the secondary coil. Now, by 
compensation, the pressures across the known resistance and across the 
unknown impedance are ascertained, the corresponding vectors being at 


* The proof of this must here be omitted. 
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once determined from the pressure diagram (Fig. 2). From the lengths 
of the vectors and the angle between them, the vector representing the 
unknown impedance (the ohm being taken as the unit) can easily 
be found. 


TRANSMISSION MEASUREMENTS ON TELEPHONE CONDUCTORS. 


For the sake of simplicity only homogeneous conductors will be 
considered. One method is to measure the impedance (A and K) of 


-50 


FIG. 2. 


< 


the conductor with the far end first open and then closed. The соп- 
stant, z, known as the “characteristic impedance” or “ initial sending- 
end impedance," can then be found as the geometrical mean of A and K. 


FiG. 3. 


The propagation constants, generally denoted by В and a, аге most 
casily found by constructing a triangle, the two sides of which, A and 
K, enclose the correct angle between them. The third side will be C 
(Fig. 3. Now, denoting by / the length of the conductor, we have— 


; _A+K | 
cosh 2 81— —G- ; ( 


sagt 
XE Cua 
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In these equations, A, К, and C denote the absolute values of the 
vector quantities. Of course, in order to determine a/ it is necessary 
to have a preliminary approximate knowledge of its value. 

Another method of finding 8 and a consists in measuring the 
potential differences, P and S, at the near end and at the far end— 
it must here be assumed that the far end of the conductor can be 


brought within reach. For obtaining the values of 8 and a the con- 
struction shown in Fig. 4 may be used ; we then have— 


М+М 
cosh В / = 2S7 
cos a l = =N 

T 


Fic. 6. 


Generally speaking, from the point of view of accuracy the latter 
method is preferable if the conductor to be measured is long, the 
former if it is short. 

Instead of the potential difference, S, it is sometimes better to 
measure the fall of pressure from the near end to the far end. 

In the case of a non-homogeneous conductor, the methods are not 
quite so simple as in the case just considered. A complete measure- 
ment consists of 3 impedance measurements, one of which can be 
omitted by measuring the pressure at the far end. 

The case of a transformer is analogous. 
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SPECIAL METHODS. 


While the above-mentioned methods are sufficient for the telephone 
measurements most commonly required in the laboratory or in practice, 
a somewhat different arrangement of the main parts of the apparatus 
will occasionally be more convenient. Thus for impedance measure- 
ments thc arrangements indicated in Figs. 5 and 6 can be used under 


certain circumstances, the former for not too great, the latter for 
not too small impedances. It is here unnecessary to have a known 
comparison resistance in series with the impedance X to be determined, 
provided that once for all such a resistance is inserted in place of X 
and the corresponding readings are taken. 


a 
Nuria ie ed 


~mm a че m — ар =e wee чш» Ф ewes 


Fic. 8. 


The arrangement shown in Fig. 7 is very convenient for determina- 
tions of the propagation constants 6 and a (the near-end pressure may 
be measured once for all, it being the same in all cases). 

The arrangement indicated in Fig. 8 is suitable for microphone 
tests, and some difficulty will naturally be experienced owing to the 
somewhat irregular behaviour of the microphone. 
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CONCLUSION. 


А description has here been given of a simple, cheap, and transport- 
able apparatus for telephonic and other alternating-current measure- 
ments, which has already done good service for some years in the 
research laboratory of the Copenhagen Telephone Company, and 
which may prove of interest to others handling similar problems. 

In conclusion, it is a pleasant duty to express my grateful acknow- 
ledgments of several very valuable researches already made on similar 
lines, especially the work of Professor Absalon Larsen of Copenhagen.* 
My special thanks are also due to Mr. J. L. W. V. Jensen, Chief Engi- 
neer of the Copenhagen Telephone Company, under whose super- 
vision the present work has been carried out. 


* [refer to the following two papers by Professor Larsen in the Elektrotechnische 
Zeitschrift: “ Ein akusticher Wechselstromerzeuger mit regulirbarer Periodenzahl für 
schwache Ströme” (vol. 32, p. 284, 1911), and “ Der komplexe Kompensator, ein 
Apparat zur Messung von Wechselstrómen durch Kompensation " (vol. 31, p. 1039, 
I910). 
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TIME-LIMIT ELEMENTS. 


By Н. К. CONSTANTINE, M.Sc.Tech., Student. 


(Paper read before the MANCHESTER STUDENTS’ SECTION, 18th February, 1913.) 


INTRODUCTION. 


A brief account is first given of the various uses of time-limit ele- 
ments as employed in conjunction with the overload coils of circuit- 
breakers and oil switches. The points to be observed in the design and 
choice of this type of apparatus are then discussed. Lastly the results 
obtained from tests on some modern time-limit apparatus are men- 
tioned, together with a few practical conclusions to be drawn from 
these tests. 

Many of the remarks made in this paper apply equally well to the 
simple dash-potgwhich are used merely to damp movements, although, 
as will be seen later, such dash-pots have quite different functions to 
perform. The types dealt with include those attached directly to the 
overload coil of the circuit-breaker, and also those that are mounted 
separately and merely close a relay switch, which in turn operates the 
main circuit-breaker by means of the overload coil or a special trip coil. 
I do not propose to discuss which of these two methods should be 
employed in any particular case, but in general it may be said that for 
low-voltage and low-power simple circuits it is cheaper to use the 
former system, whilst the relay system should be used when heavy 
high-tension switches are to be operated. For very large power 
schemes at extra high voltages, however, the Merz-Price method of 
protection is now generally recognized as being preferable to the 
ordinary overload system. 


DEFINITION. 


I should like first to define a time-limit element as a device which 
artificially prevents the movement of a piece of mechanism, otherwise 
free to move, until a certain predetermined time has elapsed. This 
definition includes dash-pots as used in arc lamps, etc., but such dash- 
pots are distinguished from the true time-limit elements in that they 
only impose a very small time lag, or, as it is generally termed, they 
produce a damping effect, whereas in the case of a circuit-breaker the 
tripping mechanism must be kept absolutely still until the full time 
allowed by the time-limit element has elapsed, and then it must move 
quickly and definitely. This apparently slight difference between the 
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functions of the two types of time lags introduces quite distinctive 
points to be considered by the designer of either class of apparatus. 
These will be dealt with later. 


UsEs. 


With regard to the uses of time-limit elements, it is well known that 
a circuit will carry a considerable overload for a short time provided 
the time is not long enough to cause overheating, and thus an instan- 
taneous overload trip is neither necessary nor advisable. Ог, again, in 
any supply system a short-circuit on a consumer's mains must not be 
allowed to shut down any more of the supply system than is absolutely 
necessary. For these reasons fuses of varying capacity were at one 
time always used at different points on the supply. For example, 
heavily rated fuses were put in circuit on the power-house switchboard, 
less heavily rated ones in the sub-station, lighter ones still in the feeder 
pillar, and lastly very lightly rated fuses on the consumer's premises. 
Now, fuses have naturally an almost perfect inverse time lag in their 
operation, and thus we had an ideal protection for the circuit, a fault 
being limited so as to cause the least possible interruption to the rest of 
the system, provided the size of each fuse was suitably chosen and 
always kept at that size. But modern conditions of supply require 
something which is morc easily replaced than a fuse, and incidentally 
something that can repeatedly be replaced without cost. Thus we 
find that circuit-breakers with a simple overload release are generally 
employed. These have no time element, being practically instantaneous 
in action, so that when several are placed in series there is no discrimi- 
nating action between them. That is to say, a short-circuit at the far 
end of the line will probably trip all the circuit-breakers right back to 
the generating station. Hence the necessity for some form of automatic 
time element. Further, this time element must be adjustable, so that 
we can make it longer at the power-house than at the other points along 
the feeder. 
Time-limit relays should also be used when a circuit-breaker protects 
a single motor ; the starting current may be sufficient to trip the overload 
mechanism, this, of course, not being what is required. This is particu- 
larly the case with alternating-current asynchronous motors, where, at 
starting, the line current may exceed two or three times the full-load cur- 
rent. Again, in colliery installations, a coal-cutter is often at work half 
a mile away from the circuit-breaker, and a time-lag attachment is par- 
ticularly desirable, as, otherwise, every time the coal-cutter momentarily 
sticks much time will be wasted in going back to reset the circuit- 
breaker. A timc-fimit element for protecting motors should, howcver, 
"be so designed that it operates instantaneously at a current equal to 
about four times the normal current, because in the event of a flash- 
over between the brushes, or the bearings seizing, much damage will 
be caused unless the circuit is instantly opened. 
There is one objection to the use of time-limit elements which is not 
generally recognized, namely, that in the event of a temporary short- 
Vor. 51. 61 
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circuit or a heavy overload on an alternating-current system of small 
capacity the voltage may fall so low that any synchronous motors on 
the line will drop out of step, and unless the overload trip has time to 
operate before the fault clears itself, disastrous consequences may result 
when normal voltage and frequency are again restored. 


TYPEs. 

Having therefore come to the conclusion that a time-limit element 
is advantageous, it remains to decide what form of apparatus is best for 
the purpose of producing the time lag. Numerous ideas have been 
tried in this connection, but they can all be classified under two heads, 
namely, constant and inverse time lags. 

In the former, the time taken to operate is fixed and definite, what- 
ever the load on the circuit may be, whilst in the latter case the time 
taken varies approximately inversely as the load. The inverse type is 
more commonly used because it is most like the ideal fuse in the 
protection that it affords. At the same time, however, in modern practice 
itis being recognized that for the protection of feeders—that is, where 
several circuit-breakers are connected in series with each other—the con- 
stant-time type is more suitable and reliable when a short-circuit occurs, 
for this reason : with the exceedingly heavy currents flowing when a 
short-circuit occurs the operating time of the inverse type is so small— 
usually less than half a second—that it becomes somewhat indefinite. 
Thus the discriminating action of the varying settings of the series of 
current-breakers is likely to fail, and they will probably trip in the 
wrong order. But with the constant-time type the setting can be made 
much higher than this— say, 3 seconds in the power house and 
2 seconds in the sub-station, and so on ; and for these times, which 
are quite short enough to protect the generators, the operation will be 
quite definite, and the correct sequence of tripping will be preserved. 
With regard to the actual construction of the two types, it may be said 
that with the exception of the clockwork type all time-lag apparatus 
operates on the inverse-time system. "They can, however, all be used 
as constant-time types by energizing them from a constant-voltage 
supply through a relay switch operated by the overload coil. 

The principles which have been utilized to produce an artificial 
time lag can be divided into five main classes, viz. (1) clockwork, 
(2) thermal, (3) inductive, (4) rotating inductive, (5) dash-pot. Of these 
the first three are practically obsolete, the last two being the only ones 
now used commercially ; but we will consider each type separately. 

Clockwork type.—An example of this type is shown in Fig. І. Неге 
P represents the top of an ordinary overload-coil plunger. When this 
is pushed up it presses on the lower end of the lever L, the top of which 
is pulled clear of the aluminium fan F. This allows the train of clock- 
work to revolve in the direction shown by the arrow. At the same time 
the plunger P presses the spring S against the fibre wheel W, and at 
the end of one revolution against the brass piece B, thus completing 
the circuit between S and S to the trip coil of the circuit-breaker. 
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The catch piece C on the lever L 4s to enable the mechanism to make 
one revolution, even though the plunger fall owing to the overload 
having cleared itself, and thus to reset the gear. 

The time lag is only adjustable in this type by altering the angle of 
the vanes of the fan, and of course the great objection is that such 
adjustment is not definite ; the time taken to operate must be found by 
trial after each adjustment. Further, it is not absolutely self-setting, in 
that the clockwork has to be wound by hand, and thus reliance is 
placed on the human element of the switchboard, where clockwork is 
regarded as a complicated and unnecessary evil, so that in an emergency 
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it would probably be found to be unwound, and thus the gear would fail 
to act. 

Thermal lype.—The thermal time-limit element approaches most 
nearly to the ideal fuse in the way in which the time taken to operate 
varies inversely with the current. But unfortunately the movement of 
the heated elements is so small that without a complicated system of 
magnifying levers, which in themselves introduce unnecessary errors, 
it is found difficult to make a commercial article. 

The type shown in Fig. 2 is known as Barton's thermal cut-out, 
and can be taken as an example of this class. The bent strips, E E 
and E E, constitute the heating elements, the current flowing up the 
right-hand one and down the left. Coupled to, but insulated from, 
these elements, are the small bars B and B, which are connected at 
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their other ends to the lever L. As the heating strips E E and EE 
expand owing to the flow of current, this lever L will move in the 
direction shown by the arrow. This allows the rod R to move 
upwards, under the action of its spring, and release the catch C, 
which in turn permits the switch to be opened by its spring. As 
stated above, the only disadvantage of this type is the extremely small 
movement available. 

Another type of thermal time-limit device, which is really only an 
adaptation of the original fuse principle, consists in shunting the over- 
load coil of the circuit-breaker by a fuse ; thus the operation of the 
coil is prevented until the time taken by the fuse to blow has elapsed. 


пате! 


Еіс. 2.—Thermal Cut-out (Barton's Type). 


This method is both reliable and cheap, and is becoming more widely 
used every day for all conditions of service ; but it has the great dis- 
advantage of not being self-replacing. 

Inductive type —1п the inductive type of time lag, which was 
introduced by Hobart, the overload or tripping-coil circuit is made 
highly inductive, and is arranged as a shunt across a low non-inductive 
resistance which is placed in the main circuit. With this arrangement 
the current in the tripping coil will not increase as quickly as the main 
current, but the disadvantage is that the time lag imposed is only very 
small, and, moreover, is difficult of adjustment. 

Rolating Inductive lype.—This is one of the newest forms in time- 
limit apparatus. It is constructed on the principle of the well- 
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known alternating-current induction type of indicating instrument 
or integrating meter. The current energizes an electro-magnet 
of the horse-shoe form, having shaded poles, between which an 
aluminium disc is free to rotate. "The spindle of this disc is generally 
mounted horizontally, and has connected to it a short length of string 
which carries a weight at its other end. When the current reaches a 
certain value, the disc begins to rotate and the string with the weight 
attached is wound up. When the weight reaches the top of its travel, 
it is made to operate the relay switch. To vary the time taken to 
operate, the length of string is lengthened or shortened as required, 
whilst current adjustment is effected by altering the weight. This 
type has the advantage that the energy required to operate it is small, 
and also that it is usually very consistent in its operation. Of course 
it can only be used on alternating-current systems and also, on account 
of its delicacy, it cannot be attached directly to a circuit-breaker, but 
can only be used to operate a relay circuit. 

Dash-pot type.—' The dash-pot type of time-limit element is now 
one of the most commonly used, on account of its cheap and robust 
construction. Numerous principles have been employed, and various 
adaptations of these principles have been tried with varying success. 
For example, the piston can be made to fit either loosely or tightly in 
the cylinder; in the former case, the time lag depends solely on the 
rate of flow of the fluid from one side of the piston to the other, 
whilst in the latter the lag is largely dependent upon the metallic 
friction between the moving surfaces. Then, again, there is a wide 
choice in the nature of the fluid used; some makers use air, 
whilst others employ oil for this purpose. The selection of a suit- 
able oil is exceedingly important, as with a given dash-pot widely 
varying results can be obtained by simply using oils of different 
densities and viscosities. The advantages and disadvantages of these 
various points will be more fully discussed when dealing with actual 
commercial types. e 


POINTS IN DESIGN. 


Let us now consider what points in the design have to be borne in 
mind either when designing a new type of clement or when selecting 
one of the existing types on the market. In this connection it must be 
remembered that, when used, a time-limit element is a'vital though 
apparently minor part of a supply system. Complete reliance is 
placed on the element for protecting the circuit from conditions which, 
if allowed to continue, might involve disaster to all the apparatus and 
machines at both the generating and feeding ends of the line, together 
with the cables connecting them. In addition, the safety of human 
life very often depends on the relay successfully operating when called 
upon to do so. Furthermore a time-limit attachment works under 
conditions peculiar to itself. Whereas the circuit-breaker with 
which it is connected may be operated frequently, the time-limit 
apparatus itself may be there for weeks or months before being 
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required to work, and it is this long period of inactivity which 
introduces the chief difficulty of the designer. 

Reliability.—Absolute reliability is essential; otherwise, if the 
arrangement is going to stick when the overload comes on after 
a long period of rest, the addition of a time lag produces trouble 
and not safety. Itis here that we have the great difference between 
dash-pots used merely to damp movements and those used to give а 
long time lag as on circuit-breakers and oil-switches. In the former 
the piston is continually under the action of a force cither in one 
direction or the other, and thus it automatically keeps itself lubricated, 
so that static friction is practically absent when movement once com- 
mences. But generally in time-lag apparatus the mechanism is 
absolutely at rest, and has often been in that state for a long time 
before being called upon to move under the sudden application of a 
heavy overload current, and thus static friction becomes of paramount 
importance. Cases have occurred in which the so-called safety device 
has completely stuck, and subsequent tests have found that in order 
to make it operate a force equivalent to many times that produced 
by the worst possible short-circuit would have been needed. For 
this reason many makers have tried to adapt their standard arc-lamp 
dash-pots to the requirements of a time-limit device, but have had 
to change their design. When the static friction is greater than 
normal, the pull required to start the movement is greater than it 
should be, and when the movement does start, the time taken to travel 
to the end of its stroke is less owing to this increased pull. Thus the 
total time of operation is changed. 

Consistency.—After having obtained reliability, consistency in opera- 
tion is the next point to be aimed at. That is, will the results obtained 
on test at the makers’ be capable of reproduction in actual service? 
Will it be possible to obtain the same relation between the time of 
operation and the current whatever the temperature of the room or the 
nature of the atmosphere, or whatever the time that has elapsed since 
the element was last operated ? 

As the result of tests on several hundred dash-pots it is found that 
lack of consistency appears to be the chief fault of modern time-limit 
elements constructed on this principle, although other types do not 
suffer to the same extent. In those cases where the plunger and its 
cylinder were made of different materials, it was found that, owing 
to unequal expansion, in the morning with the temperature at 
about 5? С. the results obtained were from 1o to 20 per cent higher 
than those taken in the afternoon with the temperature at 20°C. 
On other types varying values were observed by simply leaving the 
apparatus exposed to the dusty atmosphere of an engineering work- 
shop for some weeks ; in most cases the friction was increased, but 
in the type where the time lag is dependent upon the surface ten- 
sion of oil it was decreased owing to the particles of dust not allow- 
ing the two surfaces to come into such intimate contact. These 
remarks about dust apply with equal force to any other impurity 
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deposited on the mechanism from the atmosphere ; for instance, the 
corrosive acid fumes or gases which are to be found in even the best 
gas-driven power stationsare bound to increase the resistance to motion, 
and in too many cases they are allowed to proceed so far as to cause 
complete sticking of the element. "This is particularly liable to occur 
in types such as the rotating inductive, where delicate bearings and 
spindles are employed. These two parts have been found almost 
solidly fastened together owing to the oxidization produced. The 
simple and only remedy against such occurrences is to enclose the 
whole apparatus in as dust-proof a case as is consistent with sufficient 
ventilation. This is somewhat difficult where the element is mounted 
directly on the circuit-breaker, and for this reason thc separate relay- 
operating system is preferable even where the question of cost would 
appear to recommend the adoption of the other. 

In order to obtain consistency in operation there are several factors 
. of vital consideration, such as lubrication. In the dash-pot type, since 
the whole operation is dependent upon the resistance caused by two 
moving bodies, any variation in the friction when these two bodies are 
in relative motion will give widely different results in the time taken for 
the piston to move over a given distance. When oil is forced from one 
side of the piston to the other through a narrow passage, the conditions 
are different when that passage is dry from those when it has been lubri- 
cated by several previous operations of the piston. And again, thc actual 
friction between the plunger and the cylinder when air is the medium 
depends on the amount of lubrication, and for consistent results this 
should be constant, Some makers claim to have done away with this 
difficulty by using no external lubrication and allowing the two surfaces 
to rub against each other in their dry state; this gives good results 
provided the intervals between each operation are fairly long, but if 
called upon to operate again, say, within about 1 minute, the natural 
lubrication of the material is sufficient to shorten the time of opera- 
tion. When any bearings or pivots are used in connection with the 
relay, as for example when the operating coil and core attract an 
armature which is pivoted, or in the case of the bearings for the spindle 
in the rotating inductive type, lubrication is of importance second only 
to dust and corrosion. If designed to be lubricated, then all parts 
should receive periodic inspection and attention just as much as do 
the bearings of a machine. 

Absolute alignment of the various parts is an important factor in the 
reliable operation of time-limit elements. In many cases splendid results 
are obtained at the works where the apparatus is first assembled and 
where it is handled by men who have become experts by practice and 
who know that, owing to the small forces dealt with, there must be 
absolutely no binding between the various levers or between a lever 
and its spindle or a spindle and its bearing. But unfortunately a relay 
is not usually considered delicate enough to be placed under a seal like 
an instrument, and its erection is left to an ordinary wireman, who 
treats it like a piece of heavy machinery and often leaves it in a useless 
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condition. For this reason and also because, as previously stated, 
every link in the chain of mechanism introduces a possible source of 
breakdown, the designer should try to make the mechanical parts as 
simple as possible. In this connection it should be pointed out that of 
course there is a compromise bctwecn the most simply constructed 
apparatus and the one which gives the most satisfactory results, but as 
а rule the former will turn out to be the best because it can be relied 
upon. There is one point in mechanical design which is often found 
and which is very conducive to future trouble, namely that in the 
dash-pot type the piston is rigidly connected to the piston rod. If 
the levers just above the rod should become slightly displaced, then 
serious sticking will result, as will also be the case if the cylinder is 
not in perfect alignment. The simple remedy is to connect the two 
parts by means of some form of universal joint. 

Force required.—The actual force required to operate a timc-limit 
device is somewhat variable, some types requiring much more energy 
than others. Where the device is fitted directly to a circuit-breaker, it 
can be said that generally it requires 50 per cent more energy to 
operate than when the overload coil alone is used. In the relay type 
30-60 watts is about the average figure. The modern tendency is to 
keep the power required as low as possible, but this is really a mistaken 
idea, because it leads to indefiniteness of action. It is all a question of 
the percentage of the total power of the circuit to be protected ; a 
slight increase would not affect this percentage appreciably, but would 
convert some at present unreliable types into reliable ones. 

Momentum.—The momentum of the moving parts at the end of their 
stroke is really of more importance than the actual energy consumed, 
because upon it depends the definite action of the device. It is obvious 
that under the action of the time element the movement is. always 
exceedingly slow, and in many cases the force is insufficient to open 
even arelay switch unless the speed is increased just before the element 
is called upon to operate. "This is usually done by removing the resist- 
ance of the time element after about two-thirds of the movement. For 
instance, in one make where the piston is a tight fit in the dash-pot, 
grooves are cut in the latter for about half its length, so that when the 
piston has travelled half-way air can flow quite freely from one side of 
the piston to the other and the time lag is removed. And again in the 
well-known “ Statter " apparatus, there is practically no movement until 
the two surfaces are separated, and then the speed rapidly increases. 
By these means the momentum acquired by the moving parts is quite 
sufficient to deliver a blow capable of tripping a large circuit-breaker 
directly. In all types some device should be employed to obtain this. 
increase in speed, because the reliability of the whole apparatus depends 
largely upon the definiteness of action when the mechanism is just about 
to reach the end of its travel and to trip the circuit-breaker or to operate 
the relay switch. 

Resetling.—In some types of time-limits the time taken to reset 
after having operated is an important consideration. There is one 
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make of dash-pot where the resistance to motion is the same whether 
the plunger is moving up or down. Consequently it takes longer 
to fall back to the off position than it does to move upwards under the 
action of the operating coil, the actual time being 55 to 60 seconds. 
Now, this is a great disadvantage when the gear is used to protect 
a motor circuit; if the attendant starts up too quickly and the over- 
load coil is operated, then he has to wait this length of time before 
attempting to start again. Otherwise, owing to the core of the operat- 
ing coil being in a more advantageous position magnetically, the gear 
will now trip at a much. smaller load than that for which it was 
originally set. In order to have as small a resetting time as possible, 
the best way is to introduce a non-return valve, usually of the ball type, 
into the path of the fluid in the dash-pot type. The rotating inductive 
type does not generally suffer from this defect, as the weight used 
quickly overcomes the inertia of the light aluminium operating disc 
and falls back within a few seconds. Five or six seconds is about the 
longest time that should be allowed for this purpose, and there are 
several good makes on the market which work within these figures. 

Noise.—The noise caused by a time-limit element is a question which 
is too often neglected by the manufacturer when designing the 
apparatus for use on alternating-current systems. In a power station 
the noise is of course inappreciable ; but when the device is fitted to a 
circuit-breaker in connection with a single motor, the latter in many 
cases cannot be heard on account of the noise emitted by the former. 
Of course most of the noise emanates from the magnetic circuit of 
the operating coil, but at the same time the addition of the levers, 
etc., necessary for the working of the time-limit often aggravates the 
evil. Although this is a minor detail, it is one that is most likely to 
appeal to the non-technical customer, and for this reason it should not 
be neglected. 

Adjustability.—It is absolutely necessary that both the time and the 
current setting of a time-limit element should be adjustable.. The exact 
setting required for a given supply system or circuit cannot be fixed 
beforehand, but only after one or two actual trials on site. Most 
makers to-day have recognized this and have designed their apparatus 
accordingly, but the tendency is rather to include too wide a range of 
adjustment in one piece of apparatus. For instance, it is claimed that 
the current setting can be varied from 5 amperes to 15 amperes normal 
current ; now obviously if the device is to be kept cool at the higher 
rating, then the ampere-turns at the lower rating will not be sufficient 
to ensure definiteness and reliability in working. In such cases it 
would be better in the long run to put two sizes of apparatus on the 
market, both of which could be relied upon. 

The usual way to vary the current setting of a time-limit device is 
to alter the length of the air-gap in the magnetic circuit, or else to 
keep this gap constant and increase the resistance imposed by means 
of a weight or spring. The time-setting then automatically adjusts 
itself in all inverse-time types, except in the rotating inductive 
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type, where it is effected by altering the length of string to be 
wound up. 

Although adjustability is absolutely essential for time-limit appa- 
ratus, the designer must take care that the method he employs 
for this purpose is as simple as possible and can be easily under- 
stood by unskilled persons who may afterwards have to set the 
apparatus. In some types it is necessary to use a pair of pliers and 
forcibly bend some part of the mechanism out of shape, which 
process causes further damage by upsetting the alignment of the 
various parts and then, when next used, this results in serious sticking. 
The only safe and reliable way of adjusting is by means of a screw 
which can be locked in position and cannot possibly be loosened by 
normal conditions of service; this is particularly important when 
working on alternating current, where the vibration set up by the 
current oscillations is quite sufficient to result in the complete upsetting 
of the adjustment. Indeed, dash-pots have been known to unscrew 
themselves and fall right off for this reason. 

Calibration.—Theoretically it should be possible to stamp a standard 
range of adjustment on a given set of identical time-limit relays; but 
those who have had any experience in testing them will know that this 
is far from being the сазе. No matter how carefully each part is made 
to template or jig, when assembled and tested widely varying results 
are obtained. 

It seems to be the general practice to-day to test each element 
individually and to calibrate it according to the results thus obtained. 
But in many cases the time-limit element is tested without the circuit- 
breaker to which it is to be attached ; this should not be done, for 
reasons previously pointed out, but the complete apparatus should be 
tested after every screw is tight home and when no more hammering 
has to be done. From the above considerations there arises another 
point : Isa given relay suitable for working on both alternating and 
continuous-current circuits? Some makers calibrate their apparatus on 
one system of supply and then assume that it is correct on the other. 
This is not so, because owing to the continual state of vibration on 
alternating-current circuits the static friction becomes almost balanced 
and the coil has to pull against a smaller resistance, the result being a 
smaller time lag. 

Shape of curve.—By an inverse time-limit device we mean one in 
which a hyperbolic curve would be obtained if the time taken to 
operate be plotted against the current applied. That this is only 
approximately true in actual practice may be explained thus: The 
curve is really compounded of the curve governing the relation between 
current and force in the operating coil and core, and of the curve 
connecting force and time in the time-lag attachment itself. The 
former curve is never hyperbolic, whilst the latter is only in a few 
cases. The resultant curve is usually one which tends to cut the zero 
time line at a point equal to a current of from 1,000 to 2,000 per cent 
overload. In many cases the two individual curves are so arranged 
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that the compounded one cuts the zero line at about 400 to 500 per 
centoverload. This is useful when protecting a motor circuit, because in 
the event of a flash-over or a bearing seizing it is essential that instan- 
taneous release should be provided. This is illustrated by Fig. 3. 
Some of the curves obtained show almost a right-angled bend at small 
overloads. "This means that the time is either much too short or much 
too long and the apparatus is useless for feeder protection, where a 
discriminating action is necessary between each of the series of 
breakers. 


In conclusion it may be said that the advantages and in some cases 
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FiG. 3.—Curve for Time-limit Element fitted to ап Oil Switch. 


the necessity of using time-limit elements have long been recognized 
by consulting engineers. But in too many cases they have been 
ordered without any definite directions; in general, the phrase in the 
specification reads, “ The circuit-breaker is to be fitted with a time-limit 
attachment.” This has resulted in the makers having too free a hand 
in the type of apparatus put forward, with the result that operating 
engineers have begun to ban time-lag devices as unreliable and unsafe. 
But at the sametime it must be recognized that there are good types on 
the market, and if the engineers who call for them would only devote 
the same attention to describing them in the specification tbat they do 
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to less important details, we should soon find that only these reliable 
makes would remain on the market. By this means all the complaints 
about such safety devices being unsafe would disappear. 

I should like to express my indebtedness to the following makers for 
the loan of apparatus on which to carry out the tests: The British 
Westinghouse Company, Ltd.; George Ellison ; Messrs. Ferranti, 
Ltd.; Messrs. Reyrolle & Co.; and Messrs. Switchgear & Cowans 
(1911), Ltd. 
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THE PHASING-OUT OF ALTERNATING-CURRENT 
APPARATUS. 


By J. HACKING, STUDENT. 


(Paper read before the NEWCASTLE STUDENTS' SECTION, 6lh January, 1913.) 


In the following paper I propose to touch briefly on the principles 
underlying the tests which are made to ensure that the various phases 
of newly-installed alternating-current apparatus bear the correct 
relationship to one another and to the corresponding phases of other 
apparatus with which it might be required to run in parallel, and also 
to give some account of the way in which these principles are applied 
to the actual phasing-out of several classes of apparatus. The paper is 
intended to deal only with alternating-current apparatus, but the simple 
fundamental case of two continuous-current generators is first con- 
sidered for simplicity of illustration. 


CONTJNUOUS-CURRENT GENERATORS. 


Suppose we have two generators which are intended to run in 
parallel. For this connection it will be necessary to see that the 
positive terminals of the two machines are connected to the same 
busbar ; and similarly with the negative terminals. Before the connec- 
tions are finally made, however, it is necessary to find which of the 
two terminals of each machine is positive, and which negative. This 
may be done by means of pole-finding paper, but as this test is not per- 
missible with alternating-current machinery it will not be dwelt on 
here. The test which immediately suggests itself is to compare the 
voltage of one machine with that of the other. This may be done 
by connecting the two machines together at one point, and taking 
voltage readings across the remaining terminals. If two terminals of 
like polarity are connected together, the pressure read between the 
other two terminals will be zero if the voltages of the two machines 
are equal, whilst if a negative and a positive terminal were connected 
together, the pressure read would be equal to twice the pressure of 
either generator. 

Another method would be to get two voltmeters of equal resistance, 
or two banks of lamps, and connect up the two machines through these. 
If the voltmeters were each-connected between terminals of like 
polarity, they would each read zero, whilst in the other event the 
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machines would be put in series through the voltmeters, and, the 
resistance of the voltmeters being equal, each voltmeter would read the 
voltage of either generator. It is evident that “ static ” voltmeters are 
not so convenient for this test as those which have a definite circuit 
through them. If “static” voltmeters were used, the algebraic sum of 
the two readings would be zero for correct connection, and twice the 
voltage of each machine for reversed connection. 

It would of course be of no use to connect a single voltmeter 
between one terminal of each machine and leave the other terminals 
open, as the result would be simply to bring the two points so connected 
to the same potential, tlie function of a generator being, not to main- 
tain any definite potential at its terminals, but to maintain a potential 
difference between the terminals. 

If, in the second test mentioned, one of the voltmeters used had a 
resistance twice that of the other, the voltage read by it would be twice 
that read by the lower resistance instrument, since the reading given by 
either instrument is proportional to the voltage drop across it. It will 
be seen that because of this the second method is not so likely to give 
accurate results as the first, although, of course, the readings in this case 
would be accurate enough for the purpose. 


'TRANSFORMERS. 


Transformers fed from a common source are often required to run 
in parallel on the secondary side, and it is to such transformers that the 
following remarks on transformer phasing are applied. Such trans- 
formers differ from rotating machinery in that their voltage vectors 
always maintain the same relative positions, and it is therefore possible 
to carry out phasing tests with one voltmeter or bank of lamps. Inthe 
case of rotating machinery, however, since the vectors of one machine 
swing relatively to the vectors of another until they are actually 
running in parallel, it is necessary to connect across all phases, either 
directly or through voltmeters or lamps. 

Single-phase Transformers.—T wo single-phase transformers can be 
phased out in exactly the samé way as the two continuous-current 
generators treated above. If the secondary of each transformer is 
wound similarly with respect to its primary, the transformers should be 
connected up symmetrically, but if one were wound relatively opposite 
to the other, the effect of symmetrical connection would bc to put the 
two transformers:;in series through the busbars. Evidently then this 
must be taken into consideration when connecting up. It can be 
determined either when making the tests outlined above or by the 
following test :— 

Connect one primary terminal to one of the secondary terminals. 
If a low pressure is then applied across the higher voltage wind- 
ing, a voltmeter connected between the two open terminals of the 
transformer will read either the sum or the difference of the primary 
and secondary voltages, depending on the relative direction of winding. 
In the former case the transformer is said to be of positive polarity, and 
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in the latter case of negative polarity. It is of interest to note here that 
if the second test—that is, with two banks of lamps or voltmeters of 
equal resistance—is adopted, the potential drop across each bank of 
lamps is half the resultant voltage of the circuit, even if it should so 
happen that the transformer voltages differ vectorially. 

Three-phase Transformers.—Since it is necessary in phasing-out to 
ascertain that the various phases bear the correct relationship with one 
another before determining whether they bear the correct relationship 
with the apparatus with which they arc required to run in parallel, it is 
necessary in the case of three-phase transformers to ensure first of all 
that the phase vectors of the three phases are 120° apart. In star trans- 
formers, for instance, it is quite conceivable that one phase may have 
been reversed with respect to the other two, and readings taken 
between the three phase leads would give readings equal to the line 
volts, 0:58 times the line volts, and 0°58 times the line volts respectively. 
In meshed secondaries it is necessary to ensure that this error has not 
been made before the mesh is completed, as the result would be to 
cause a heavy circulating current.to flow in the windings. This may 
be done by leaving the last meshing connection off, switching in the 
transformer primary, and connecting a voltmeter across the two open- 
circuited terminals. If correct, the voltmeter will indicate zero, whilst 
if a phase does happen to be reversed, the reading will equal twice the 
line pressure. 

To apply the second of the two tests mentioned at the beginning of 
this paper to three-phase transformers would necessitate the use of 
three voltmeters or three banks of lamps, unless, indeed, two sets were 
used and the phases were connected up twoatatime. As, however, 
by first connecting one point of one transformer secondary to one 
point of the other, only one voltmeter is required ; this is the test 
usually adopted, the points connected being where possible the neutral 
points of star windings, and where this is not possible, two phase 
terminals. As in the case of single-phase transformers, symmetrical 
connections will give the desired result if the transformers are on all 
phases of the same polarity, whereas if of opposite polarity on all three 
phases they will be 180? out of phase, and the voltages read between 
corresponding secondary terminals (neutrals linked) will be equal to 
twice the phase voltage. It is interesting, however, to trace the effect 
of various errors of connection on the readings obtained, and the vector 
diagrams of Figs. 2 and 3 have been drawn up to show the result. In 
order to get reliable readings for this purpose in the case of mesh 
windings, or of star windings where the star points are inaccessible, 
it is necessary to connect each pair of phases in turn, as the results 
vary accordingly. 

The significance of the letters in the vector diagrams of Figs. 2 and 
3 is shown in Fig. 1, where it is assumed that the secondaries of one 
transformer are connected tothe three terminals a, b, and c, of a switch, 
and the secondaries of the other transformer are connected to the other 
three terminals А, B, and C, of the switch. The voltage obtained 
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between any two terminals of this switch is proportional to the distance 
between the corresponding points on the vector diagram. The vectors 
of one transformer are shown in full lines, and of the other in dotted 
lines. The six diagrams given in each figure show all the results 
possible, as any combination of the single errors reverts to опе of these 
diagrams. К 
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Fig. 2 gives the cases in which the neutrals of the secondary 
windings are connected together to form the common point, and is, 
therefore, only applicable to mesh-star or star-star transformers, except 
when three voltmeters or lamps are used, when it applies to any 
windings. Fig. 3 refers to either mesh-star or star-star transformers 
where the neutrals are inaccessible, and also to star-mesh or mesh-mesh 
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transformers. In transformers similarly connected on both primary 
and secondary—that is, in star-star or mesh-mesh transformers—the 
effect of a primary crossing will evidently be the same as that of a 
secondary crossing, and theediagrams referring to primary crossings 
must therefore be deleted. 

If with three-phase transformers the three-lamps or three-voltmeters 
method of phasing-out be adopted for any reason, the results obtained 
for various errors of connection will be exactly the same for all classes 
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of transformers, as is shown in the various diagrams of Fig. 2. The 
comparison of polarity of three-phase transformers can be carried out 
in exactly the same way as with single-phase transformers, a single- 
phase supply being utilized for the test. 

It has been said that if two transformers of the same polarity аге 
connected up symmetrically they will phase out correctly. The 
symmetrical connections are not intended to refer only to the applica- 
tion of the three-phase supplv, but also to the actual mesh or star 
connections. It is evident that there are two methods of connecting 
in mesh or in star the phases of any winding. With star windings 
either the bottom or the top ends of the coils can be connected together 
to form the star point, and in mesh windings the mesh may be made 
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FIG. 3. 


either by connecting the top of limb 1 to the bottom of limb 2, etc., 
or by connccting the bottom of limb 1 to the top of limb 2, etc. 

In the reversed mesh and reversed star diagrams of Figs. 2 and 3, 
one transformer is taken to be connected in mesh or star in one of 
these alternative ways, whilst the other transformer is connected in 
mesh or star by the other alternative method. 

The effect of reversing the star is evidently just the same as 
reversing the polarity. The effect of what may be called reversal of 
mesh does not, however, produce this result unless the primary con- 
nections are suitably crossed. The reason for this is shown in Fig. 4 (a) 
and (b). Fig. 4 (а) shows one way of connecting the winding in mesh 
and the natural way of bringing out the connections, whilst Fig. 4 (b) 
shows the other way of connecting the winding in mesh and the 
natural way of bringing out the connections. The result is that the top 
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connections of the coils are still brought out in the same order as 
before. Now, if these two transformers were connected up symmetri- 
cally, the E.M.F. vector applied across each limb of the second trans- 
former would not be 180? displaced from the E.M.F. vector applied 
across the corresponding linbs of the first transformer. The vector 
diagram would be as shown in Fig. 2 (c) and Fig. 3(d). In order to get 
this 180? phase displacement between corresponding limbs, it would 
be necessary to connect the second transformer as shown by the top 
line of letters in Fig. 4 (b), so that whereasin the first transformer No. 1 
limb was connected between R and B phases, in the second transformer 
it would be connected between B and R phases, etc. This is the reason 
for (е) in Fig. 2 not corresponding with (d). 

Reverting to the diagrams of Fig. 2, it is seen that providing the 
vectors of one transformer coincide with the vectors of the other trans- 
former, as in diagrams (a) and (b), it is possible to make the transformers 
phase out correctly with suitable secondary crossings. Further, in 
mesh-star and star-mesh transformers if the vectors of the two do not 
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coincide (see Fig. 2 (c), (d), (e), (/),) it is possible to make them coincide 
by merely crossing two of the primary leads. It will therefore be seen 
that no matter what the internal connections or what the polarity of 
two mesh-star or star-mesh transformers, they can be correctly phased 
out by making suitable primary and secondary crossings. With trans- 
formers of like connection on the primary and secondary, however, 
since a crossing in the primary has only the same effect as a crossing 
in the secondary, the internal connections and polarity of the trans- 
formers will determine the possibility of phasing-out. If, however, the 
windings on one side of one of the transformers are connected in mesh 
or star outside, a suitable alteration of the mesh or star connections, 
taken in conjunction with suitable crossings, will enable the transformers 
to be correctly phased. 

In some cases two transformers have to be able to run a number of 
motors in the same direction, but are not required to run in parallel. 
It might in such a case be desirable to find if the sequence of phases is 
correct for the purpose. This may be done if the vector diagrams of 
the two transformers are drawn from results obtained in the phasing 
tests. If, for example, in any of the diagrams of Figs. 2 and 3 the 
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terminals A, B, C, on being traced round follow the same direction, 
clockwise or counter-clockwise, as the terminals a, b,c, the direction 
of vector rotation is the same for both transformers, and each trans- 
foriner will therefore run motors in the same direction. 

Transformers of similar connection only have so far been con- 
sidered as being required to run in parallel. It is useful, however, to 
investigate the possibilities of running two transformers of different 
connection in parallel. It is not necessary, however, to go fully into 
this here, as a study of the diagrams for various connections will show 
that while star-star transformers will run in parallel with mesh-mesh, 
and mesh-star transformers will run in parallel with star-mesh trans- 
formers, it is altogether out of the question to attempt to parallel mesh- 
star transformers with star-star or mesh-mesh. 

Such connections as open mesh and three-phase Tee have not been 
considered at all here, as they are not so commonly met with. "The 


same principles can, however, be applied to them by anyone sufficiently 
interested in the subject. 


a 


e 
ALTERNATING-CURRENT GENERATORS. 


The treatment of this class of machinery is rather different from 
that required by transformers and continuous-current generators, as in 
addition to the conditions to be fulfilled in their cases it is also neces- 
sary to determine the instant at which they can be paralleled—that is, 
to synchronize. For this reason it is inevitable that the question of 
synchronizing should be to a certain extent involved in that of phasing- 
out. Asthis paper is not intended, however, to deal with synchronizing 
connections, reference to them will be confined to the checking of the 
accuracy of the synchronizing arrangements by comparison with the 
phasing tests. А phasing test of necessity shows the point of synchro- 
nism in addition to the other factors, and if the permanent synchro- 
nizing connections are made aud tried at the same time as the phasing 
test, their accuracy can be checked. The connections for the actual 
phasing-out test are usually only of a temporary nature, and apply to 
all phases, and once generators are correctly phased out it is only 
necessary to synclironize them on one phase. 

It is not necessary to phase out single-phase generators, but only to 
synchronize, as even if one generator did happen to be reversed with 
respect to another, the two would again be in phase after they had 
moved relatively onc half-period. Either of the two methods outlined 
earlier in the paper may be used. If the generators are of high 
pressure it is desirable to use potential transformers, and the primaries 
of these may be connected exactly as were the lamps and voltmeters 
previously used, the lamps in this case coming into the secondary side 
of the potential transformers. Another way of using potential traus- 
formers—the usual method of synchronizing high-tension alternators— 
is to connect the primary of each transformer to the terminals of each 
alternator, the secondaries being connected through lamps. It is 
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evident that by so arranging the secondaries thc lamps can be con- 
nected so as to be either bright or dark at the point of synchronism, 
and, although the usual synchronizing practice is to have bright lamps 
at synchronism, in what follows with reference to this method it is 
assumed that the connections are so made as to have the lamps dark at 
synchronism. This renders the results obtained the same with 
potential transformers in use as without. In all cases where two or 
more potential transformers are used in this way, it is first of all 
necessary to test the transformers back to back by one of the methods 
mentioned under “single-phase transformers.” 

Three-phase alternators should first of all be tested for reversed 
phases in the same way as transformers, and it is assumed that this has 
been done. The usual method of phasing-out is to connect potential 
transformers or lamps directly between the corresponding terminals of 
the two machines, and it is immaterial whether the neutrals—if the 
windings are star-connected—are connected together or not. It is 
possible, however, to do away with one transformer or one set of lamps 
by bridging across two corresponding terminals instead of connecting 
them through а lamp. In this case, as will be shown later, the trans- 
formers or lamps will have to be able to stand a higher pressure than 
in the other case. Care must also be exercised to ensure that the 
neutrals of the windings are not already connected. The method of 
connecting one sct of potential transformers to one machine and 
another set to the other machine, and inter-linking the secondaries 
through lamps, can also be used. In this way four potential trans- 
formers will be required—that is, two sets of two transformers 
connected in open delta. 

It is now necessary to run both alternators at approximately 
synchronous speed. As the speed of the two will differ slightly, the 
vectors of one will rotate slowly with respect to the other. We can 
then consider the vectors of one alternator as fixed and the vectors of 
the other as rotating slowly. By comparing the voltage obtained 
between any two corresponding terminals for several relative positions 
of the two sets of vectors, it will be seen that, if correct, the three 
lamps will brighten and darken together. The only possibility of error 
is that the vectors of one alternator will follow in one direction, say 
1-2-3, and the vectors of the other in the other direction, 1-3-2. If 
this is the case, each of the three lamps will brighten and darken in 
turn. A crossing of any two phases of either machine will give correct 
results. 

To determine the maximum voltage which any potential transformer 
has to stand, that vector position which gives a maximum value of the 
voltage between any two corresponding terminals may be drawn. 
Thus, whereas in the first method mentioned above the transformers 
must be capable of dealing for short periods with a pressure equal 
to 17155 times the line pressure, in the second method they must be 
capable of dealing with twice the line pressure. In the third method 
the potential transformers themselves will of course only be required 
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to stand the ordinary line pressure, but the lamps used will have a 
maximum voltage impressed on them equal to 1°155 times the low- 
tension pressure of each transformer. 

The correct instant of synchronism is when the lamps are dark, 
and the permanent synchronizing connections may be checked against 
this. 

There is another method of phasing out an alternator, which is of 
practical interest as it makes use of the permanent synchronizing 
arrangements together with only one additional potential transformer. 
If the neutral point of the incoming generator is connected to the 
neutral point of the system on which it is required to run, the 
additional transformer will be required to stand a pressure of r155 
times the ordinary line pressure for short periods, whilst if the neutrals 
are not connected it must be able to stand twice the line pressure. 

It is assumed in the following description of this method that, as is 
usual, the machine synchronizing element is single-phase, and that the 
neutral points are not connected. The accuracy of the indication of 
the synchronizing position by the synchroscope or other means pro- 
vided is first tested in the following way: Disconnect the cable 
connecting the machine and the switch at the machine terminals, or at 
any other convenient point between the potential transformer of the 
machine and the machine itself. Now close the switch and try the 
synchronizing gear. This should indicate the synchronizing position. 
As an additional test, the effect of reversing the leads of the alternator 
potential element may be tried. This should cause the synchronizing 
gear to indicate the “ 180? out of phase" position. 

The potential transformer connections should now be made normal 
and the alternator itself re-connected. "The additional potential trans- 
former is connected between corresponding terminals of the switch, in 
that phase to which the synchronizing potential transformer is not 
connected, and the corresponding terminals of the switch in another 
phase are bridged across. Connect a voltmeter in the secondary of the 
additional potential transtormer. Now run the alternator up to 
synchronous speed. The synchronizing gear will indicate when the 
phases to which the machine potential transformer is connected are in 
phase with the corresponding busbar elements, and if the cyclic order 
of phases on the alternator is correct; the voltmeter in the secondary 
of the additional transformer will at the same time be reading zero. If, 
however, the cyclic order is reversed, the voltmeter will give a reading 
corresponding to 1°73 times the line pressure—that is, slightly less than 
the maximum pressure it receives—when the synchronizing gear shows 
the point of synchronism. 

If the neutrals are connected, the connection bridging the terminals 
of one phase of the switch must be left off, the rest of the procedure 
being as before. In this case, if the cyclic order of the phases is 
reversed, the voltmeter will give its maximum reading when the 
synchronizing gear indicates synchronism. 
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ROTARY CONVERTERS. 


Not Self-slarting.—The usual connections of rotary converters 
operating on three-phase systems are : three-phase, six-phase double- 
delta, and six-phase diametrical-star. The first can be treated in 
exactly the same way as three-phase generators. As, however, synchro- 
nizing is usually carried out on the high-tension side, whilst phasing-out 
is effected on the low-tension side, the permanent synchronisin indicator 
will not rotate as when normally running up, but will definitely indicate 
the synchronizing position. This will also be the case with the other 
two classes of connections. The six-phase double-delta connection 
and the six-phase diametrical connection have greater possibilities of 
error than the ordinary three-phase connections, but if certain 
preliminary tests are made they can be reduced to the same footing. 

Fig. 5 shows the transformers and slip-rings for a six-phase double- 
delta rotary converter, the small numbered circle showing the position 
of the armature tappings connected to the various slip-rings. If any 
difficulty is experienced in tracing out these tappings, the order of the 
slip-rings can soon be located by running up the machine to about 


FIG. 5. Fic. 6. 


synchronous speed, and taking voltage readings between the various 
rings. The rings can then be numbered accordingly. The secondary 
of each transformer is split into two sections, one set of half windings 
being connected up to form one mesh, and the other set of half wind- 
ings connected up to form another mesh 180° out of phase with the 
first. In order to get this 180° phase displacement it is necessary 
to know whether pressure a to b is in phase with pressure c 
to d, or vice versa, and the same for the other phases. In any case 
before completing either mesh it will be necessary to test for reversed 
phases, and the whole may be done at one test by connecting b-c, d-e, 
/-#, h-k, and /-т, and switching in the transformer on the primary side. 
A voltmeter connected between a and d, с and i, or k and n should 
give a reading equal to twice the pressure of any one limb of either 
mesh—that is, to 1'224 times the continuous-current volts, whilst a 
reading taken between a and n should give zero. When this is 
satisfactory, one mesh тау be completed—say 1-3-5. The vector 
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triangle for this mesh is shown in full lines in Fig. 6. The desired 
vector triangle for the second mesh is as shown in dotted lines in 
Fig. 6, and in order to attain this it is evident that the second mesh 
must be made as shown by the numbers under the secondary windings. 
Now the first mesh may be connected up to the slip-rings 1, 3, 5, and 
the second mesh so connected that the ends which come opposite 
to 1,3, 5 in Fig. 6 are connected to tappings diametrically opposite to 
1,3, 5 оп the armature. The only possibility of error which remains is 
that when the slip-ring connections from the first mesh were made they 
were connected in the wrong direction—that is, instead of r, 3, 5 
following clockwise round the armature they should follow counter- 
clockwise. To check this, connect only onc of the two meshes to the 
slip-rings through lamps, and proceed as in the phasing of a three-phase 
converter. It must be remembered, however, that if it is found neces- 
sary to make a crossing in these three leads the connections from 
the second mesh must be rearranged again to bring 4 opposite to 1, 
6 opposite to 3, and 2 opposite to 5. As so much depends on knowing 
the leads which come vectorially opposite to 1, 3, and 5 respectively, 
they may be further tested after the meshes are complete, and before 
connecting to the slip-rings, by connecting one phase of one mesh 
to one phase of the other, and taking voltage readings between the 
remaining four leads. If two “opposite” leads are connected, the 
voltage read between the other two pairs will be 1'224 times 
the continuous-current voltage. 

If no tests are made to pair out these leads in this manner it will be 
necessary to connect all six to the slip-rings through lamps. If correct, 
all the lamps will pulsate together. The lamps may, however, pulsate 
in pairs—each pair being formed by one lamp of each delta—which 
signifies that both meshes are reversed. In this case two of the leads 
on which lamps pulsate together should be marked, and the two 
remaining ones crossed in each mesh. It is also possible for four 
lamps—three from one delta and one from the other—to pulsate 
together, and the other two to follow in turn, denoting that the latter 
mesh is reversed. The leads connected to the last two lamps should 
be crossed to remedy this. There is still a further possibility that the 
direction of rotation of the phases in each mesh may be correct, but 
that one has a double crossing, compared with the connections actually 
desired. In this case the lamps in each delta will pulsate together, but 
the times of attaining brightness will not be the same for the two deltas, 
one set following two-thirds of a period behind the other. As there 
are two possible double crossings, the final connections will have to be 
determined by trying each of these crossings in turn. 

To attain the above results, any chance of the two meshes producing 
voltages in phase with one another instead of 180° out of phase has 
been disregarded. If by any chance this were to occur, with all other 
connections normal, the results obtained would be very similar to the 
last set mentioned in the previous paragraph, the only difference being 
that one set of lamps lags half a period behind the other, instead of 
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two-thirds of a period. If the other possible errors are combined with 
this error in mesh, another similar number of different results to the 
above would be obtained. It is not proposed to go into these in detail, 
but simply to reiterate that it is certainly advisable to make the 
preliminary tests mentioned, or tests calculated to eliminate similar 
errors. 

The transformer secondaries and the slip-rings for the diametrical 
connections are shown in Fig. 7. The usual error of wrong rotation is 
possible, and there is also a possibility of a reversed phase. То test 
for the latter, first connect the secondaries across b and c, and d and e, 
and connect a voltmeter between a апа f. If this reads zero, the 
connections made as numbered will do away with all possibilitv of a 
reversed phase. This test, and any other test which depends on 
connecting in star one end of the three secondary windings, must not 
be carried out with transformers which have had the middle points of 
their secondaries connected together to form a neutral for a three-wire 
continuous-current network until these middle points have been entirely 
disconnected from one another. The two points to watch in this class 
of rotary converters are (1) that corresponding ends of the three trans- 
former secondaries go on to tappings 120? apart, and (2) that the two 
ends of each secondary аге connected to tappings 180? apart. 

Another test for a reversed phase is as follows: Connect three 
corresponding ends of the transformer secondaries to their slip-rings 
and leave the three remaining ends disconnected. Close the primary 
side of the transformer. The effect of this on the secondary windings 
is to connect the three in star through the armature, and the three 
remaining ends of the secondaries should give readings equal to 
1'73 times the voltage of each limb. If a phase is reversed the effect 
will be the same as reversing one phase of an ordinary star winding, 
and the vectors will only be 60° apart instead of 120*. The reversed 
phase can be located from the readings. 

To test for correct rotation, leave the ends already connected to the 
slip-rings, connect the remainder to their respective slip-rings through 
lamps capable of withstanding 1°4 times the continuous-current voltage, 
close the transformer primary, and run the machine up to synchronous 
speed. The lamps will pulsate as in the case of the simple thrce-phase 
machine. If thc vector rotation is wrong, it is necessary to cross 
corresponding ends of two transformer secondaries—that is, referring 
to Fig. 7, cross a and c, and b and d. If the possibility of a reversed 
phase has not been obviated, there are two possible pulsations of 
the various lamps, besides those denoting correct connections and 
reversed rotation. In the first of these—due simply to a reversed 
phase—two lamps will pulsate together, with the third lamp half a cycle 
behind. The last lamp is connected to the reversed phase. In the 
second possibility—reversed phase together with wrong rotation—the 
lamps follow one another in brightness, but accomplish this in only 
half the total period, the whole three being dim for .the rest of 
the period. The rotation is put right in the usual way, and a study 
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of the vector diagrams will show that the reversed phase is the one 
connected to the lamp which comes second in the order of attaining 
brightness. If the two ends of cach transformer secondary are not 
connected to diametrically opposite points on the armature winding, 
there are other possibilities of erratic pulsation of the lamps, but it is 
not proposed to examine these more closely. 

Where boosters are inserted between the transformer secondaries 
and the armature windings it is necessary to test to ascertain that the 
boosting phases are connected to the correct slip-rings, so that 
the booster voltage adds on to the correct phases of the rotary 
converters. This may be done by running up the converter to about 
synchronous speed and taking readings of the unboosted voltage, the 
amount of boost, and the boosted voltage, on all three phases. If 
correct, the sum or difference (depending on the direction of boost) of 
the first two readings on all phases will equal the third reading. It is 
possible for one phase to be getting negative boost at the same time 
as the other two phases are getting positive boost, or for two phases to 
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be getting each other's boost—that is, B phase getting C's boost and 
vice versa—or for all three phases to get the wrong boost. In the two 
latter cases the third reading will equal the vectorial sum of the other 
two instead of the arithmetical sum. 

Rotary converters fitted with boosters may have them connected 
either between the slip-rings and the armature winding, or between 
the transformer secondary and the slip-rings. In the latter case it 
must be remembered that if any crossings are required to give the 
machine correct phase rotation they should be made on the trans- 
former side of the booster. If made at the slip-rings, the boost on two 
phases will be changed over. 

Self-starling Rotary Converters.—In three-phase rotary converters the 
direction in which the machine starts up when switched in determines 
the accuracy or otherwise of the connections, and the same applies 
to diametrical rotary converters whose transformers have previously 
been tested for reversed phase. With double-delta converters, if the 
preliminary tests outlined in the previous section are made, the direc- 
tion of starting up will also determine the accuracy of the connections. 
It is sometimes stated that if the rotary converter is started up in 
the right direction from each delta in turn the connections are all 
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right, but in the author's opinion this is not infallible. For example, it 
is quite conceivable that each delta would have the correct vector 
rotation, but that one of them might have a double crossing as com- 
pared with the other. Further,.if the vectors of the two meshes 
exactly coincide, each will have the same vector rotation, but it 
is obvious that the connections will not answer. 


INDUCTION REGULATORS. 


Beforc putting any regulator into commission it is advisable to take 
a test of the voltage range on all the phases. If the regulator is for 
high-tension work, this test may be made from a low-tension supply. 
This test is similar to that outlined for boosters used with rotary 
converters, and is made to determine if the same errors are present. 

Fig. 8 shows the pressurc vectors of one phase of a regulator of this 
class, OA being the normal supply pressure, and AB, =A B, = A В, 
the actual booster voltage. The variation of voltage at the boosted 
terminals is attained bv altering the phase angle of the boosting 
voltage from the position А B,, for maximum negative boost, to the 
position А B, for maximum positive boost. It 15 evident that so far as 
numerical values of voltage are concerned, the same results will be 
obtained by moving from B, to B, in a clockwise direction as by moving 
from B, to B, in a counter-clockwise direction. It would, therefore, 
be possible for two regulators designed to give the same voltage range, 
etc., to have heavy short-circuit currents flowing between them in the 
“no boost" position. This has to be avoided, and to test for it the 
two regulators may be fed from a common source of supply, and 
voltage readings taken between the corresponding boosted terminals 
of the two for several positions of the rotors. 


DIRECT Boost REGULATORS. 


The term “direct boost" regulators is intended to apply to that 
class of regulators whose vectors of boosting voltage do not differ in 
phase from their respective unboosted voltage vectors. These regu- 
lators usually have a booster winding with a number of tappings 
brought out to multiple contacts on a switch. Two moving fingers, 
connected in series with the line to be boosted, travel along this 
multiple-contact switch, and thereby allow of both the numerical 
value and the direction of the boosting voltage being varied. There 
is nothing required in the phasing-out of this particular class of 
regulator that has not been mentioned under “induction regulators." 

In some cases, however, the two finger-contacts are not them- 
selves connected directly in series with the line to be boosted, but are 
simply connected across the primary of still another transformer, the 
secondary of which is in series with the linc. ‘This makes it possible to 
have the regulating switch working at a lower voltage than the line, but 
this advantage is counterbalanced by the additional link required. This 
ty pe of regulator offers more difficulties than are usually met with, ard 
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it is thought that a short account of the method of phasing-out will 
prove of interest. 

Fig. 9 shows diagrammatically the connections of one boosting 
arrangement connected up on these lines. The supply is through a 
mesh-star step-up transformer, and the regulating switch itself is fed 
at 3,000 volts. The tapping transformer is a mesh-connected auto- 
transformer. It is worthy of note in passing that if in a case of this 
sort the step-up transformer were connected the same on both the 
primary and secondary sides—say, mesh-mesh—it would be neces- 
sary to have this auto-transformer star-connected, but that the mesh 
connection would still be required for a star-mesh transformer. 
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The chief point to watch in the connecting up of a regulator of this 
class is that the six connections between the auto-transformer and the 
booster transformer are correctly paired. А step-voltagc test is now 
taken in the same way as with other regulators. The low-tension 
supply is connected to the 3,000-volt busbars, or where these have 
to be left in comnission the cables connecting the auto-transformer 
and the main step-up transformer to the busbars are connected 
together and the low-tension supply applied directly to them. In 
the particular case under discussion, however, if a 440-volt supply 
were used, the pressure on the secondary of the step-up transformer 
would be in the neighbourhood of 2,000 volts, or far too high for con- 
veniently taking voltage readings. To get over this, the 440-volt supply 
is applied to the step-up transformer secondary, the 3,000-volt cables 
being connected across as before. This gives a convenient pressure at 
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the booster terminals for a test of this nature. The regulator is put 
in one of the extreme positions, and readings are taken of the boosting 
volts and of the unboosted and boosted volts. The faults possible are 
the same as those previously outlined, and may be recognized in the 
same way. If the connections between the auto-transformer and the 
booster are not correctly paired, the results obtained would be more 
complex, but as it is always a simple matter to test out for these pairs, 
itis not considered necessary to look any further into these possibilities. 

In conclusion, the author would like to express his indebtedness to 
Mr. G. L. Porter for several suggestions which have proved very useful 
in preparing this paper. 
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LOW AND MIXED-PRESSURE TURBINE PLANT. 


By C. H. GOULDEN, Student. 
(Abstract of Paper read before the STUDENTS’ SECTION, 5th February, 1913.) 


Exhaust steam turbine installations completed during the past 
decade are utilizing about 2} million horse-power previously wasted. 
There is still in this country, however, especially in colliery districts, 
a large amount of useful steam which is being exhausted to the 
atmosphere. 

The following remarks upon exhaust and mixed-pressure turbine 
plant should be of interest to students. 


ENERGY OF STEAM AT LOW ABSOLUTE PRESSURES. 


If a selection of reciprocating-engine indicator cards be taken and 
a careful examination made, it will be found that on an average the 
exhaust port is opened to the condenser when the expanding steam 
reaches a pressure of about 8 lb. per sq. in. absolute; if now the 
expansion line of the diagram be produced to a point corresponding, 
say, to 3 1b. per sq. in. absolute, the area of the diagram toe will be 
considerable. The asymtotic nature of the produced curve, however, 
shows immediately that a reciprocating engine giving this toe is prac- 
tically impossible, the volume of steam increasing from 172 to 330 cubic 
feet when its pressure is lowered from 2 to 1 Ib. per sq. in. absolute. 
This great and rapid change in volume of steam when expanded to low 
limits has been the principal factor in fixing the minimum release pres- 
sure of piston engines at from б to 8 Ib. per sq. in. absolute ; further, 
the economy of a higher condenser vacuum than about 26 in. with 
reciprocating engines is doubtful. 

The energy represented in the toe of the diagram is available 
principally in the kinetic form, and it can therefore be economically 
utilized in a turbine. 

Considering an expansion range from, say, 180 lb. per sq. in. to a 
28-in. vacuum, reciprocating engines are more economical than turbines 
for the expansion as far as about 20 lb. per sq. in., mainly due to rotor 
friction losses in high-density steam ; but below this pressure, condensa- 
tion in the low-pressure engine cylinder renders the engine efficiency 
inferior to that of a turbine. A combination will therefore give better 
economy. 
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ADVANTAGES OF MECHANICAL CONSTRUCTION. 


In low-pressure turbines blade-stripping is reduced to a minimum 
since the comparatively low temperatures dealt with prevent serious 
distortion of the casing and buckling of the blade shrouding due to 
inequalities of expansion between the shrouding and the rotor, or 
between the shrouding and the casing. 

In low-pressure work the radial tip clearances of reaction blading 
can be kept within safer limits without the leakage of steam materially 
affecting the turbine efficiency ; speeds are slower, the rotor and shaft 
more rigid, and the machine as a whole is more reliable than the high- 
pressure turbine. 


TvPES FoR Low-PRESSURE WORK. 


The exhaust steam turbine may of course be of any of the types or 
a combination of the types adopted in the case of complete expansion. 
The two principal disadvantages of the reaction type are the necessity 
of balancing end thrust and the leakage losses due to the drop of pressure 
across the moving blades. In low-pressure work, of course, the latter 
loss is of little importance. This type, however, is not generally in 
favour, although its efficiency is supposed to be a trifle higher than that 
of the impulse type, since for a given number of fixed and moving 
blades there are practically double the number of stages, a drop of 
pressure occurring across both the fixed and moving blades. 

In both the simple and the compound impulse designs tip clearance 
of the moving blades is comparatively unimportant, there being no 
drop of pressure across them, and therefore no tendency for steam 
to leak. 

The axial clearance in simple impulse machines may be consider- 
able, but where the compound impulse design is adopted axial 
clearances must be kept small. 

In the case of low-pressure turbines the total drop of pressure from 
the inlet to the exhaust is only a matter of about 16 lb. ; multiple im- 
pulse blading is therefore not necessary, since its principal object is to 
lower the maximum pressure in the rotor casing and to extract the 
high velocity due to the large pressure-drop in a number of stages in 
order to keep down the speed of the rotor. 

Simple impulse machines with a minimum of about 5 stages, as in 
the Zoelly turbine, are very satisfactory for low-pressure work. 

In mixed-pressure turbines still adhering to the impulse type there 
is much to be said in favour of the compound impulse design at the 
high-pressure end ; the maximum pressure in the casing is reduccd and 
the rotor is shortened. 


NECESSITY FOR A HIGH VACUUM. 


The economy of low-pressure turbine plant depends principally 
on the condenser. Fig. 1 emphasizes this point. When deciding upon 
the vacuum for any particular installation it should be borne in mind 
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that, although a turbine can utilize the maximum vacuum obtainable, 
such a vacuum is not always advisable. The decrease in steam con- 
sumption possible may not be sufficient to outweigh the extra capital 
and running cost of the plant to give the increase in vacuum ; but 
on the other hand, too low a vacuum renders an exhaust installation out. 
of the question. 

It may be taken that for any particular case the engineer must 
choose his vacuum between 274 and 29 in. 


CONDENSERS. 


The instability of ejector condensers in the presence of slight air 
leaks renders them quite unsuitable for low-pressure turbine work. 


Ср 
о 


pub. 


© 
O 


Ф 
о 


Percentage increase of out 


26 27 E 29 
Vacuum in inches. 


FIG. I. 


The quantity of cooling water required for a high-vacuum surface 
plant giving, say, 28 to 28} in., may be as much as со ог бо times the 
weight of water condensed, as against about two-thirds of this amount 
for jet plant. The latter is therefore advisable where cooling water 
is scarce. 

Surface plant is of course essential where condensed water is 
required for boiler feed. There are cases, however, where, although 
condensed steam is desirable for boiler feed, the nature of the cooling 
water available is such that it would be injurious to condenser tubes, 
and a jet plant is therefore installed ; examples of this frequently occur 
in colliery work, where the water is often extremely impure and 
acidulated. 

The capital outlay for low-pressure turbine condensing plant is 
considerable, there being approximately a 50 per cent difference in 
cost between condensers giving a 26-in. and a 28-in. vacuum; 
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running costs also increase, and in both these points jet plant has the 
advantage. 

The production of a high vacuum depends mainly on the efficient 
extraction of the air entering with the steam into the condenser, which 
air is exceedingly detrimental to an effective heat transference between 
the circulating water in the tubes and the steam outside them. 

An approved form of surface condenser where water and air are 
dealt with separately is shown diagrammatically in Fig. 2, and its 
development is largely due to Mr. D. B. Morison, who has carried out 
considerable research on high-vacuum condensers. 

The condenser is divided up into a series of more or less tapered 
sections, the idea being to steady up the air and lead it directly to the 
air outlet in a state of increasing density ; this presents the air to the 
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extracting device in the best possible way. It is evident from 
the diagram that the mechanical construction is simple. 

Partial compartmental drainage is effected, condensed water being 
to a certain extent collected and prevented from falling on the com- 
paratively cold tubes at the condenser base. The hotwell temperature 
is thus raised above that due to the vacuum. 

A contra-flow condenser of the above form, in which the air is 
removed by steam and kinetic water ejectors, is a most efficient high- 
vacuum plant. 

Of jet condensers, the most suitable for low-pressure turbine plant 
is the Le Blanc low-level type. The well-known air pump is the prin- 
cipal feature of this plant, and, although inefficient when dealing with 
large volumes of air at low vacua, it is efficient for small quantities at 
high vacua. The whole plant is very simple and compact, and in 
contradistinction to the barometric jet type can be placed directly 
beneath the turbine. 
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The water-extraction pump is оп ће same spindle as the air pump, 
so that failure of the former will stop the air pump and the vacuum will 
be directly broken, flooding being thereby impossible. 


MAINTENANCE OF THE VACUUM. 


Apart from the actual design of condensing plant there are a 
number of points to be specially looked to in maintaining high vacua 
for low-pressure turbines. In the first place it is essential that the 
steam entering surface condensers should be absolutely free from oil. 
A film of oil on the tubes greatly lowers their conductivity ; but since 
makers are prepared to guarantee that steam leaving their separating 
devices shall not contain more than about ооо per cent of oil, there 
should be no trouble in this direction. 

The turbine exhaust pipe is, of course, short and saihi (except 
where a barometric plant is installed) and of very ample diameter. 
Ап expansion piece in the exhaust pipe is necessary, and may be of the 
bellows, or telescopic, water-sealed type. Care should be taken that 
the latter type does not escape attention and run dry. 

In combination sets the minimum steam pressure in the low- 
pressure cylinder of the engine should not fall below atmospheric 
pressure, for the prevention of air leakage by the admission of steam 
to the turbine shaft packings is much more simple and effective than 
endeavouring to pack a piston-rod gland efficiently. 

When installing double-flow turbines, it is better for the low- 
pressure steam to enter at the ends and flow towards the middle, 
so that the difference in pressure on the two sides of the shaft glands 
shall be a minimum. 


IMPROVEMENT OF THE VACUUM. 


When placing an exhaust steam turbine between an engine and 
a condenser already in operation, the condenser will generally require 
improving. 

In surface plant there should not be a greater temperature difference 
than about 12? F. between the temperature of the cooling water at the 


outlet and that of the steam at the condenser pressure ; with jet plant. 


this difference should not exceed about 5? F. 

The vacuum may often be sufficiently raised by speeding up the 
cooling-water pump. With surface plant the rearrangement of baffles, 
or the removal of a few tubes to allow of a more free steam passage, 
will frequently give a decided improvement. 

The installation of a Parsons vacuum augmentor is also often 
economical, the steam consumption of the jet being only r per cent 
of that of the turbine, мше it is capable of raising а 26-in. vacuum to 
about 274 in. 


CONTINUOUS AND INTERMITTENT STEAM SUPPLY (Low PRESSURE). 


Exhaust steam and mixed-pressure turbine installations fall under 
two approximate headings: first, where the low-pressure steam is 
VoL. 61. 53 
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derived from plant running more or less continuously, and, second, 
where the supply is intermittent. In the former of these two cases the 
steam is generally obtained from a reciprocating-engine generating set 
previously installed, in either a condensing or non-condensing system. 
If such an engine has been running condensing, the initial and upkeep 
costs of an exhaust turbine to run in conjunction with it are not 
merited, should the object in view be merely to improve the steam 
consumption per unit generated, the load remaining as before. If, 
" however, it be desired to increase the output of the plant, then the 
addition of an exhaust steam turbine is a convenient and economic 
method of so doing, provided always that the condensing plant can be 
made to cope with the new set of conditions at a reasonable cost. 

The addition of an exhaust steam turbine necessitates the alteration 
of the valve-setting of the engine. "Valves should be set to raise the 
back pressure on the engine to about 16 lb. per sq. in. absolute, where 
the maximum power is required from the combination. 

Should it suffice to pass a part of the engine steam through the 
turbine, the resetting should ensure an even distribution among the 
cylinders, when part of the steam is passed to the turbine before 
it reaches the low-pressure cylinder. 


OuTPUT AND STEAM CONSUMPTION. 

The possible increase in output due to the addition of an exhaust 
steam turbine depends, for a given vacuum, on the initial steam pres- 
sure of the combination, and increases rapidly as this pressure falls. 
Allowing for a 15 per cent loss between the engine and the turbine, 
Fig. 3 shows approximately the above relationship for vacua of 28 and 
284 in. 

'The economy of obtaining the 8 per cent increase in output due to 
the last } in. of vacuum ishould be carefully studied for any particular 
scheme. 

The installation of the turbine and the necessary improvement of 
the vacuum lowers the over-all steam consumption per unit some 20 or 
30 per cent below that of the engine as before installed. The actual 
reduction may be approximately arrived at as follows :— 

Assuming 33 per cent as the average increase in steam consumption 
of an engine when changed from condensing to non-condensing, and 
taking from the curves the turbine output as x per cent of that of the 
engine, then for the pressures usually met with, the percentage reduc- 
tion of steam consumption— 

13300 


= 100 — ; 
100 + X 


For example, assuming a 28-in. vacuum and 160 lb. per sq. in. 
initial pressure at the engine, the proportion of the engine output due 
to the turbine equals 78 per cent ; whence the reduction in the steam 
consumption— 

13300 


= 100 — 178 


— 25 per cent. 
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In cases where power stations have run non-condensing, the larger 
output is obtained without any boiler house extension being required, 
and the over-all steam consumption per kw.-hour is decreased some 
5o per cent. Although the combination is usually only adopted for 
increasing the output, it may be recommended for a new installation 
where particular economy is required and the conditions are generally 
favourable, since the price of the set is very little in excess of that of 
an equivalent engine or high-pressure turbine. 


INTERMITTENT ExHAUST STEAM SUPPLY. 


Rolling mills, colliery winding engines, and the like, by their attend- 
ant circumstances require when starting up a quantity of steam far in 
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excess of their average consumption, and at frequent intervals they are 
shut down. A condenser to work under these conditions is expensive 
and inefficient. Such plants therefore exhaust to atmosphere. An 
erratic flow of exhaust steam is of course useless as it stands; it must 
be stored, and have its fluctuations smoothed out. Professor Rateau’s 
regenerative heat accumulator installed at Bruay colliery in 1902 was 
the first apparatus to do this; it was of the exposed surface type and 
had some 4o tons of heat-collecting material. 

The principle of the regenerative heat accumulator is briefly as 
follows :— 

When the exhaust supply is plentiful, the steam pressure in the 
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accumulators rises, and with it the boiling-point of the water, so that 
steam will condense, to re-evaporate when the exhaust supplv is scarce, 
the boiling-point of course falling with the pressure. 

Although the calorific capacity of water is high, its conductivity is 
low, and a more efficient method of conveying the heat units from the 
steam to the water is to mix the two intimately rather than merely to 
expose a tranquil surface. This is now generally adopted both under 
Rateau and Morison patents. 

A rough-and-ready accumulator may consist of an old Lancashire 
boiler fitted with oval flues; steam escaping through a number of 
drilled holes below the water-level causes violent circulation and a 
rapid heat transference. The majority of accumulators embody this 
idea, with certain refinements in the method of producing good circu- 
lation, upon which the efficiency of the accumulator depends. 

Mr. Morison, after many experiments, has come to the conclusion 
that the arrangement of a nozzle discharging steam inside a vertical 
circulating tube is the most satisfactory, and his accumulator embodies 
a number of these branching from a main, the whole being contained 
within the accumulator shell. 

If— 

t = temperature range of the accumulator, 
w = weight of heat-collecting material, 

c = mean specific heat, 

L = latent heat of steam, 


then * fe gives the quantity of steam delivered during the prescribed 


period of time. The dimensions of the accumulator can be readily 
deduced from this. 

A 1,000-kw. turbine to be maintained on full load for 120 seconds, 
the temperature range of the accumulator being 10° F., will under 
ordinary circumstances require an accumulator about 30 ft. long and 
IO ft. 6 in. diameter. 

The efficiency of an accumulator should remain fairly constant 
without attention, provided that the oil coming over from the primary 
engines is efficiently removed. 


MIXED-PRESSURE PLANT. 


If the periods between the stoppages of the exhaust steam are of 
any length, it becomes necessary either to expand live steam to the 
turbine inlet pressure in a receiver or to install a mixed-pressure set 
and avoid reducing valve losses, etc. 

The addition of a high-pressure section to a low-pressure turbine 
does not avoid the use of an accumulator, but merely allows a longer 
interval between the supplies of exhaust steam ; the turbine, by itself, 
could not deal with a sudden rush of steam from rolling mills, winding 
engine, etc. 

The mixed-pressures turbine is of necessity a comparatively 
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inefficient machine, since it may be called upon to use low-pressure 
steam alone, high-pressure steam alone, or a mixture of the two. 

The low-pressure part will be approximately equal in size to the 
low-pressure end of a complete expansion turbine 2} ‘times its 
output. 

If the high-pressure end has areas concurrent with those of the 
low-pressure end, then at full load with live steam the efficiency 
becomes that of a much larger ordinary turbine, running light. 

If the high-pressure end be designed to pass just sufficient steam 
for full load, then the low-pressure section becomes much too large, 
and again the turbine is comparatively inefficient. | 

In practice, the latter arrangement is usually adopted, since the 
overload capacity is seldom greater than from до to бо per cent. 

A mixed-pressure turbine may have distinct high-pressure and low- 
pressure sections, or low-pressure and high-pressure steam may mingle 
in a common chest, before passing through the blading. The economy 
of the latter type is inferior, but it may be adopted in cases where high- 
pressure steam is seldom used. 

In the former case, care should be taken that the flow of high-pres- 
sure steam to meet an overload does not scriously increase the back 
pressure on the engines exhausting to the turbine. 


SPEED OF ROTATION. 


A low-pressure turbine is as a rule designed for a higher speed than 
the complete expansion machine of which it is a part, both in order to 
reduce the size of rotor, etc., and also to make use of dynamo makers’ 
standard designs without extensive alterations. 

In practice, a factor of safety of about 8 is usually allowed for 
turbine blading. In low-pressure work this figure is usually encroached 
upon; in doing so, it should be remembered that unless an efficient oil 
and water separator be placed between the engine and the turbine, 
blade errosion is very likely to occur and cause the massive blading in 
the last rows to fail under the excessive centrifugal stresses set up. 

In cases of large outputs the safest method of raising the speed is 
to halve the necessary blade length by adopting a double-flow design. 
In continuous-current work there is of course a considerable choice 
of speeds, but in alternating-current work we are at once reduced to 
four for a 50- and two for a 25-0) supply. 

For low-pressure turbines comparatively low speeds are quite 
efficient, the machine is more reliable, internal friction losses are kept 
low, heat radiation losses are but slightly increased, and the cost (which 
depends principally on the valve chests and gears) is not raised to any 
extent by the adoption of lower speeds. 


GOVERNING. 


It is obvicus that if we take a compound engine and a low-pressure 
turbine and connect them together both electrically and with regard to 
exhaust steam, the effect is much the same as if we had made the com- 
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pound engine a triple engine and increased the generator output ; the 
simple combination therefore requires no governor except a positive 
emergency knock-out to prevent the speed accidentally becoming 
greater than about r5 or 20 per cent above normal. 

When running continuous-current combination sets in parallel, 
equalizer connections are essential if the dynamo characteristics have 
a tendency to rise. A simple shunt machine, wherc possible, is a more 
satisfactory installation. 

In mixed-pressure work, if it be unnecessary to maintain the pressure 
in the low-pressure main between certain prescribed limits, the low- 
pressure and high-pressure governor valves may be controlled purely 
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by the load variation on the turbine; with such a method the low- 
pressure steam main may be subjected to a considerable vacuum and 
there is a danger of engines connected to it starting up. A pressure 
control piston is therefore generally placed in the low-pressure inlet, 
and acts independently of the speed, the low-pressure main can thus be 
isolated at a predetermined pressure, usually about 2 Ib. per sq. in. above 
atmosphere. 

Mixed-pressure governor gear consists, as a rule, of a small centri- 
fugal governor, driven at a reduced speed and acting on the distribution 
valve of a relay cylinder, the piston in which operates the high- and 
low-pressure valves through a system of levers. 

The working fluid in the relay may be of steam or oil ; the latter is 
more general in present practice, and is of course taken from the pump 
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supplying the bearings. Steam relays have a tendency to rust and are 
out of general favour. 

The turbine is more sensitive to changes of load than the recipro- 
cating engine, and unless the governor be fairly sluggish and the rotor 
flywheel-effect considerable, the turbine is liable to hunt when changing 
over steam supplies. 
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In conclusion, in any factory, colliery, or other concern in which 
there isa quantity of exhaust steam available in excess of about 10,000 Ib. 
per hour, its utilization should be an economic proposition. Reference 
to Fig. 4 shows approximately the number of kilowatts that may be 
expected from various quantities of available exhaust steam. 

Fig. 5 shows diagrammatically a typical mixed-pressure lay-out in 
which steam from reciprocating sets and other sources is utilized ; the 
arrangement of valves, etc., is self-explanatory. 


840 GRICE: THE HEATING AND COOLING [25th Nov., 


THE HEATING AND COOLING OF ELECTRICAL 
MACHINERY. 


By P. GRICE, Student. 


(Paper read before the NEWCASTLE STUDENTS’ SECTION, 
25th November, 1912.) | 


When we consider that every watt lost in any type of electrical 
machine is finally recognized as heat, it is obvious that this forms one 
of the greatest problems both in the design of the machine and in 
the economics of electric supply. In using the word “temperature " 
it must be recollected that this is a very vague term, being the same 
in no two parts of the machine. Whether we refer to the maximum 
internal temperature or the general temperature, it must be kept within 
well-regulated limits because of the rapid deterioration (due to carboni- 
zation and disintegration) of the insulation which sets in rapidly with 
high temperatures, the increase of the iron losses with increase of 
temperature, the danger of fire, the variations of speed of shunt motors 
(this isan important item when salesmen are emphasizing the constant- 
speed qualities of this type of motor), and the ageing of the iron in 
instruments and small apparatus, necessitating recalibration. 

In any machine there are three chief causes of the production of 
heat: Current heating, proportional to 1° К; hysteresis heating, due to 
the reversal of flux in the iron ; eddy current heating, proportional to 
(flux депу)”, (frequency), and (thickness of laminations). This 
heating occurs in the armature conductors and iron, pole shoes, etc. 

Other sources of heat (such as conduction along the turbine shaft) 
are of minor importance and are too involved to be treated here. 

The most usual way of obtaining the temperature curve of a machine 
is to put load on it, and notice the rise of temperature, either by ther- 
mometers or the increase of resistance method ; and according to 
general practice this rise must not exceed 40? C., or 70° F., in any part of 
a machine. In considering this temperature rise we shall only consider 
two common duties, viz. a machine to run fully loaded continuously 
and to carry overload if necessary for a short time ; and a machine 
to run at a load factor, i.e. load оп for a time, and then off for a time, 
during which time the machine is cooling. 
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GENERAL THEORY. 


Case I.—If Ө =the temperature rise of a body above surrounding 
objects after being heated for time /, and 0 max. = the final temperature 
rise, it can be shown that 


O16 max. = (1 — 67 7) ы Ег xS o> ee тас UA з E) 


where T is a constant, known as the “ heating time constant," for a 
given body under given conditions, and 


= specific heat x mass | 
— coefficient of radiation x radiating area 
Equation (1) is the equation to the logarithmic curve O L in Fig. 1. 

When / — T we get 0 = 0:632 Omax, which means that 0'632 of the 
final temperature rise read on the time scale will give the heating time 
constant T. This constant is the time taken to reach the predeter- 
mined maximum value of temperature if no heat whatever is radiated. 
When the differences of temperature are small, i.e. close to the origin 
of the curve, very little heat indeed is radiated, and immediately on 
starting no heat is radiated. Therefore, if we draw a tangent to the 
curve at the origin, this will show the rate of increase of temperature 
if no heat be radiated. Where this tangent cuts the maximum tem- 
perature line gives the value of the time constant on the time scale. 
The rate of cooling at any point P is found by subtracting the rate of 
heating at the point P from the rate of heating at the origin. The 
rate of heating is easily found graphically. The rate of cooling is 
proportional to the temperature rise, so that the temperature at which 
the rate of cooling will be equal to the initial rate of temperature rise 
(i.e. the maximum temperature rise) is found at once. 

Another interesting method of obtaining the heating time 
constant T is from considerations of current density. It can be 
shown that the rate of rise of temperature is proportional to (current 
density)’, and by filling in the constants we find that— 


the rise of temperature in degrees Fahr. per min. 
= 1'25 X 10~ x (current density)’. 


Thus, in a particular coil having a space factor of o'9 and a current 
density of 1,040 amperes per square inch, we find the rise per 
min. to be rari? Fahr. The final temperature rise was 79° Fahr., 
.*. T = 79/r21 = 66 minutes. From the heating curve it was found 
to be 70 minutes. 

Values of T.—The full merits of this constant must be passed over 
here. In general, the larger (volumetrically) the machine the greater 
is T ; also T increases as the ventilating properties decrease. 

The values of T in commercial work are as follows :— 


Open Type ..T = 60-100 minutes up to 24 in. diam. armature. 
== 100-150 » trom 24 to тооп. diam. armature. 
Enclosed Type ... T = 100-200 „ Up to 15 in. diam. armature. 


== 200-300 » from 15 to 26 in. diam. armature. 


~ 
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These figures show the value of ventilation, and incidentally the 
connection between T and the quantity of active and inactive material 
which must go to make a totally enclosed machine. 

The value of T for transformers is very variable, but may reach 
anything up to 500 minutes. Armatures ventilated by ducts and vanes 
blowing air on to the heated parts usually have a low value of T (from 
40 to 70), this being inversely proportional to the peripheral velocity. 
Shunt field coils being usually of a solid nature and very slightly 
influenced by the speed of the armature may have a value of T varying 
from roo to 160 minutes. In high-tension alternators the thickness ot 
insulation retards the cooling and keeps T comparatively high. 
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FIG. 1. 


If we assume a machine on full load and at a constant temperature 
being called upon to do, say, 25 per cent overload, the heating curve will 
rise and follow another flat form of logarithmic curve. If the heating 
time constant be already known, it is only necessary to run from cold 
at 25 per cent overload for a predetermined time to make sure that the 
machine will not exceed its specified maximum temperature. 

Another form Case I sometimes takes is asfollows : Given a standard 
of 70? F. final maximum rise on, say, a 20-b.h.p. series-wound motor, at 
500 volts and 375 revs. per min., what brake-horse-power may we 
obtain if we are allowed the 70? F. rise in say 20 minutes ? The design 
in this particular case has been worked out by the author and it is 
found that with 7o? F. rise in 20 minutes the motor should do 444 b.h.p. 


| 
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From this we see that as these figures can be calculated, a short time 
overload test may be substituted in the works for the long 6 hours 
full-load test (omitting mechanical considerations). 

Case 1].—When a machine is on load for a time “a,” and off for a 
time “ b," we get a period of cooling between each load run, which 
gives a saw-tooth form of logarithmic heating curve, of the same 
general shape as O L in Fig. r. One of these heating (a) and cooling 
(b) periods is shown in Fig. 1 together with the general cooling 
curve C G. 


A body cooling from a temperature 0 to 6’ will follow the cquation— 


ETE 
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If, when the temperature has reached 6' the body is heated up again, 
it will follow the curve given by equation (1) but displaced horizontally 
to coincide with 6'. 

Where a machine is designed for continuous running at full load, 


and we use it at a load factor f = + А it becomes obvious that we 


may expect a greater output before it heats up to the limiting value. 
The ratio connecting the load on a continuous run to the loading on 
intermittent running might be called the “permissible overload 
factor" P.* 

In commutating machines sparking would probably limit the output 
before the heating, but in transformers and induction motors the 
heating alone is the limiting factor. 

By combining the heating and cooling equations (1) and (2) we get 
the permissible overload factor— 
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From this is obtained a series of curves, Fig. 2, showing the theo- 
retical value of the permissible overload with various load factors and 
time constants. In this theory it is assumed that all sources of heat 
are disconnected, also the same cooling agents in operation as were 
assumed for the heating curve ; the temperature rise would then fall to 
zero. If the supply of heat is not disconnected, asin the case of a trans- 
former in which the primary side is left closed permanently, we only 
get a load factor on the secondary. The temperature will then be 
reduced to an amount corresponding to the iron losses. Similarly any 
reduction in load is accompanied by a corresponding reduction in the 
temperature, and here we sce the great value of the cooling period, 
and the possibility of using a smaller machine than one rated for 
continuous operation at that output. Professor Kapp gives] a fully 

* I should like to point out that although the definition of f as a load factor is 


generally accepted, it is really a ratio of limes. 
t G. Kapp, “Transformers,” 2nd ed., p. 65. 
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worked-out case of a 50-kw. transformer on very similar lines to the 
foregoing theory. А time constant of ro hours is assumed and a 


final temperature rise of 60° C. (which will be reached in about 
50 hours) and a working day of 8 hours with the remaining 16 hours 
for cooling. Then if the transformer will work to this temperature 
rise when on continuous load, we may theoretically obtain 53 kw. if 
the carcase remains magnetized duriug the idle period ; and 68 kw. if 
the primary is switched off during the idle period. 


COOLING. 


Having now some idea of the accumulation of heat in a machine, 
we shall consider its dissipation. Reverting to the value of the heating 
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Load factor f= 


time constant, it will be noticed that the numerator involves consider- 
ations of mass, while the denominator only involves area. The mass 
of a body is proportional to the 3rd power of the linear dimensions, 
while the area increases only as the 2nd power of the linear dimen- 
sions. The numerator (proportional to mass) is the part which stores 
the heat, whilst the denominator (proportional to the area) is the part 
which radiates heat. From this we see that as the size of the machine 
increases, the heat-storing properties increase much faster than the 
cooling properties. Let us consider two extreme cases. А _ 10-kw. 
transformer is capable of keeping itself cool merely by the convection 
current of air which it induces. А 5,000-kw. transformer, possessing 
probably 150 cubic feet of solid metal, has 100 kw. to heat this mass 
up, and if this quantity of heat were not removed artificially the 
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transformer would be red hot in 4 or 5 minutes. The chief factors 
governing the cooling are : (a) conduction, (b) convection, (c) radiation. 
Before the heat can be handled it must, in the majority of cases, 
be conducted across the insulation. This was treated in full by 
Professor Miles Walker in a paper before the Institution.* To 
facilitate this conduction a local firm has brought out a form of con- 
denser insulation having copper strips or gauze worked into the insu- 
lation itself. Convection currents in whatever medium employed are 


Difference of temperature °C. 


Fic. 3.—Ventilating Effect of Armature. 


a gravitational effect, and thus cause power to be wasted in their 
formation. A great deal depends on whether the convection currents 
can get into intimate contact with the conductor, or are only able to 
carry the heat away after it has been conducted through a thickness of 
insulation, because electrical insulators are also heat insulators. 


NATURAL COOLING. 


In static machinery this is only possible in the smaller sizes, whilst 
in rotating armatures and rotors there is the beneficial effect of the 


* Fournal of the Institution of Electrical Engineers, vol. 48, p. 674, 1912. 
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natural draught produced ; but even in turbine sets we find that 
artificial ventilation is a necessity for outputs exceeding 2,000 kw. 
Pure radiation is small at low temperatures, and even at high tem- 
peratures can be facilitated by having the machine painted a dull dark 
colour. As mentioned above, the greatest advantage in rotating 
machinery is the fanning action of the armature or rotor, and here 
consideration will be given to some tests carried out on a 12-b.h.p. 
motor running at 9oo revs. per minute, and so arranged that it could be 
run as an open or totally enclosed machine. Let us suppose that :— 


(a) The motor is running on load ; the temperature is known ; all 
power is switched off and temperatures are taken of the 
armature standing. Here we find the enclosed heat will 
permeate through and raise the temperature slightly 
before the decrease begins. 

(b) The motor is standing and its temperature is known. Then 
on starting the motor, running loaded, the full cooling 
effect is brought into play before the generated heat has 
reached an appreciable quantity, thus cooling the machine 
slightly. 


The following figures were obtained on a test of this nature, and arc 
plotted in Fig. 3. 


Variations of Temperature. 


Open-type Machine. | Totally Enclosed Machinc. 
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The true ventilating action of the armature is obtained by pro- 
ducing the main curve to cut the vertical axis instead of bending over 
towards the origin. This is shown in Fig. 3.* 

Mention must here be made of the armature ventilating ducts 
of radial form. These are far from ideal for the following reasons: 


* For thetheory of these curves, and an elaboration of some other points mentioned 
under this heading, see W, Н. F. Murdoch, “ Ventilation of Electrical Machinery." 
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Air is drawn in from each side, becoming practically baffled inside, 
and inequalities of pressure are produced periodically as each portion 
of a duct passes a pole shoe. The radial ducts form a very inefficient 
fan, acting too much like a Barker's mill with air instead of water. 
Power in air moved 
Power imparted to fan 
be то per cent, which is in itself a source of heating. An improvement 
upon this plan is to have axial channels, curved vanes being fitted 
to one side only of the armature or rotor. Mr. Barlow showed * that 
the conductivity of heat of iron stampings was about тоо times as 
great along them as across them, due to small air spaces and 
insulation; from which we get that the spacing of axial to radial 
ducts is in the ratio of то to І. Air being moved across the jagged 
edges of the stampings is brought into more intimate contact with the 
metal than in radial ducts, which might thus be considered as an out- 
let for the air inside the centre space of the armature which has become 
heated in passing the inside edge surfaces and other internal parts. 
Care is needed in designing the axial channels, as if they are too 
narrow they allow dirt (especially if oily) to be deposited, and if too 
wide allow the air to blow through without coming into contact with 
the iron edges. Standard figures in this respect are, I believe, an air 
velocity of 20 ft. per second with ducts from o'3 to o4 in. wide. These 
axial channels are also of benefit in the stator, one well-known firm 
having a duct at the bottom of each stator and rotor slot with suitable 
vanes attached and ribs for directing the air. One great disadvantage 
must be noted, in that the air does not come into direct contact with 
the coils, so that their heat has to be conducted via the iron to the 
cooling air. In the case of railway motors this is an advantage, as 
here the air may pick up a quantity of grit which would soon ruin the 
sensitive windings. Probably a combination of axial and radial ducts 
will give the most satisfactory arrangement, and, if so, it may be noted 
that the most efficient depth of radial duct is proved to be about one- 
sixth of the diameter of the armature. 

Such a small item as the slope of the hang-out of the armature coils 
has been found to have an effect on the temperature of an armature. 
In this respect it is found that if a machine is made for reversible 
running, when running against the slope of the hang-out it works 
cooler than when running with the slope. In the case of totally 
enclosed machines the fanning action of the armature has very little 
ultimate effect, and it can be shown that, as the speed increases, the rate 
of temperature rise is at first slightly diminished, but with a further 
increase of speed the rate of temperature rise is independent of the 
speed. This follows from our conception of T, where it is shown how 
the surface and weight are almost independent of one another and the 
temperature rise. If, then, a customer ordering a small totally enclosed 
crane motor calls for only a short (30-60 minutes) full-load run as 
an acceptance test, the designer has an opportunity to put in a quantity 

* Fournal of the Institution of Electrical Engineers, vol. 40, p. бот, 1908. 


The probable efficiency ( ) of these ducts may 
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of bulky material (say cast iron) and almost ignore its cooling properties, 
which do not enter into the problem seriously until some time after the 
first half-hour or so, but which become of paramount importance 
when the final temperature is nearly reached. 


FIELD Соп. 


Only a few remarks are necessary here, because this subject has 
been treated in previous papers. The quickest method of obtaining 
the temperature is to place the thermometer under the taping, covering 
the bulb with waste. This forms a constant source of deception to 
inspecting engineers, as the core of the waste may be saturated with 
oil and thus lower the temperature several degrees. Naturally this 
external temperature is the lowest of the whole coil. The increase 
of resistance method gives the mean value, and the maximum internal 
temperature can be obtained by using thermo-couples wound into the 
coil whilst in the shops. By the latter method the following figures 
were obtained,* the couples being spaced equally from pole to air— 


Core—116:7?—121:4?—120?—113:2?—100?— Outside air. 


These are actual temperatures in degrees centigrade. The mean 
temperature as given by the increase of resistance was ro4? С. 
The maximum internal temperature varies from 1'r to r:2 times the 
mean, and from rs to 20 times the outside value. The effect of 
the covering of the coils is also very marked, and the taping both inside 
and outside should be reduced to the minimum. In this respect 
the enamel insulated wires are said to possess better heat dissipat- 
ing qualities than taping. There is no reason why inter-pole wind- 
ings and series turns should have any taping whatever, excepting 
as supports between coil and pole. If the coil is taped, radiation 
must be assisted by suitably preparing the external surface, 
although most prospects for improvement lie in increased convec- 
tion. The great desideratum in all methods of cooling is either 
free air circulation or no air at all, but under no circumstances to get 
air pockets. Thus it would appear that a metal former would be very 
effective in promoting cooling of a coil when so arranged as to leave 
an air space between itself and pole. This has been developed by 
Mr. C. C. Hawkins, who suggests dividing the coil into, say, 4 sections, 
leaving gaps of 1 in. or $ in., so that air can freely pass both upwards 
and outwards. The writer would like to suggest that it would be an 
advantage to wind the inner half of the coil with a larger section of 
wire than the outer half, thus reducing the watts lost on the inner half 
and obtaining a more level temperature-gradient curve. It would 
also reduce the stock of wires of different sizes, which would other- 
wise be necessary. In cases where series turns are used, these are 
usually found behind the pole shoe, in order that the shunt coi! may 
take advantage of the armature draught, which is more effective 
against tbe yoke, thus leaving the series turns to take advantage of 
times of light load to cool. 

* E. Н. Rayner, “ Engineering Standard Committee's Report on Field Coils." 
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ARTIFICIAL COOLING. 


Owing to its cost this is only used in the case of large rotating plant 
and static machinery. The divisions under this heading are very 
numerous, but classified roughly they are :— 


(a) Air cooled. (c) Water cooled. 
(b) Oil cooled. (d) Refrigerators. 


The cooling of transformers by oil, or water and oil, has been 
described before the Institution, so that I shall confine my remarks 
mainly to rotating plant. Air-cooled plant divides itself into various 
grades of refinement. First, we have the separately-driven fan 
drawing in air from the outside, through grids or wire netting, 
and discharging into the engine-room. These grids may vary from 
those which stop paper, etc., to the more or less perfect forms of 
filtering and cooling apparatus. Second, we have the typc in which 
the air after passing through the machinc is carried outside again. 
The use of cleaning gear is very often justified on account of the 
greasy, sooty deposit which would otherwise be formed. 

A very reliable arrangement the writer is acquainted with con- 
sisted of a 25-b.h.p. motor placed in a dust-proof chamber, drawing air 
through several thicknesses of blanket material in the inlet side, 
arranged on rollers and framework, together with a water-pipe system 
of cooling. The air was fed, at a pressure of 3 in. of water, to the rotor 
of a turbo-alternator set, and after passing through predetermined 
routes, arranged so that the hottest parts came first, it was discharged, 
via the stator feet and foundations, to the outside air. The machine 
was totally enclosed, and in these cases the rotor is designed to have a 
minimum of fan action. 

Having gone to this expense to clean the air, it seems wasteful 
to discharge it again, and one Continental firm have extended the idea, 
so as to be almost a copy of modern transformer practice. They 
totally enclose the machine, and either by a rotor fan or a separately- 
driven one circulate the same air continuously, passing it either through 
cooling devices arranged in the foundations, or in larger sizes through 
an external cooler. | 

One feature of fan ventilation which seems to be almost ignored is 
the economic factor. It is found that the pressure of the air supply 
varies considerably according to the design, being anything between 
$ in. and 4 in. of water, and with increasing losses the power required 
by the fan increases rapidly. If the orifices remain the same then 
to double the quantity of air would require about 8 times the fan 
power, and yet there is considerable variation in the quantity of 
air to produce an appreciable difference of temperature. This is 
well shown by Mr. Gifford in some tests on iron stampings.* 
The watts to be dissipated were in each case constant (70) and 
the mean temperature of the iron was, with small blast 44°C., 


* Fournal of the Institution of Electrical Engineers, vol. 40, p. 776, 1908. 
VoL. 61. 54 
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intermediate blast 389 C., and high blast 35? C. In this case the 
quantity of air was nearly trebled, whilst the general temperature was 
only reduced about 20 per cent. As an approximation it is found that 
I kw. of fan power will carry off 8 kw. of losses converted into heat,* 
or we may use Professor Miles Walker's figure of тоо cubic feet of 
air per kilowatt of losses converted into heat. Thus we see the great 
importance where a fan is used, or a pump in the case of externally- 
cooled transformers, of working under the conditions which give the 
maximum of economy. Even a saving of т or т} per cent represents 
a considerable sum per annum. ў 

Tube-cooled тоќогѕ аге now made by several firms in standard 
sizes, with groups of tubes inside the motor frame and opening at both 
ends to the outside air. The tubes are cooled by blowing air through 
them from a fan, so that the arrangement resembles a surface con- 
denser for the heated air inside the case. There is no interchange of 
air between the inside and the outside, only the heat escaping, so that 
the motor can be made dust and explosion proof for mine work.+ The 
cost of these motors is about 25 per cent above the normal prices, and 
about 30 per cent if water is circulated through them. The value 
of water as a cooling medium being nearly 4,000 times that of air, 
volume for volume, the design in some cases becomes very ingenious. 
Induction motors made for frequent starting and severe work, such as 
rolling mills, have a higher resistance rotor than is usual, and many 
machines doing this duty have the rotor conductors made of copper 
tubing, through which water is drawn at a partial vacuum. Messrs. 
Brown Boveri also use this method on some of their high-tension 
alternator windings, which are wound with tubular conductors for 
operation in the following way. Cold water is pumped in at the star- 
point of the high-tension winding, and after passing round every turn is 
finally discharged and used as an electrostatic discharging device. 

In these cases where water is used, expansion, contraction, and con- 
densation, as well as the possibility of leaks and expense, are severe 
deterrent factors, and possibly the capital would be better invested in a 
larger machine. Refrigerators have been tried using carbon dioxide 
and ammonia as the medium, but the present-day design seems very 
unsuitable for their application. In hot climates I believe they are 
used to some extent, but here again the saving is one of capital only. 


CONCLUSION. 


Various authorities use factors in designing called “output co- 
efficients.” These are merely statements as to a machine's capability 
of dissipating heat, although the effect of the speed of the armature 
only changes a constant in these formulz. The cooling surface of coil, 
etc., subjected merely to convective cooling is based on allowing so 

* Electrician, vol. 52, p. 206, 1903. 

T Although totally enclosed, the design of these motors approximates more to that 


of an open-type machine, as by this means it is possible to conduct 70 to 75 per cent 
of the heat away. 
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many watts to be wasted per square inch of radiating surface. There 
are many cases in practice, such as starting motors, compensators, etc., 
which are only used for five minutes a day, and here it is almost useless 
applying the watts per square inch rules. Governing factors in these 
cases are current and flux densities, so that care must be used in apply- 
ing watts per square inch laws, which even in text-books will be found 
to vary considerably for the same apparatus. 

The manufacture of commutators liable to severe heating and cool- 
ing, especially for high speed, is exceedingly difficult, and to this cause 
is usually laid the rapid deterioration of insulation, and together with 
centrifugal force all the troubles of high mica. 
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WINDING OF ELECTRICAL MACHINERY. 


By A. T. ROBERTSON, Student. 


(Abstract of Paper read before the MANCHESTER STUDENTS’ SECTION, 
4th February, 1913.) 


This paper has for its object the description of the various types 
of coils used in commercial machines, their winding, their insulation, 
and the methods of fixing that have found favour with the leading 
manufacturers. Since it is quite impossible to discuss all conceivable 
arrangements, it will therefore be desirable to treat of only the more 
representative types in such a manner as to give some idea of the 
procedure to be adopted in special cases. 


CONTINUOUS-CURRENT FIELD COILS. 


Shunt coils, whether of single or double cotton-covered wire, are 
wound either on metal insulated spools complete and ready for fixing, 
or on wooden formers split to enable the coil to be removed when 
finished. 

By winding a coil in definite layers considerable space can be saved 
at a very slight increase in the cost of manufacture, and a further 
saving (see Fig. 1) can be effected by the use of enamel-covered wire 
which has very thin insulation; enamel-covered wire, however, has 
one very decided disadvantage in that it cannot be arranged in the 
form of a pyramid to suit the carcase shape. 

It is generally necessary to bring out the connection from the inside 
of the coil. This is done either by using a length of flexible conductor 
or by a very thin copper strip about 2 in. wide; when the latter 
is used the strip is well insulated and worked into the coil during the 
winding. 

After winding, the coils should be dried, impregnated, and baked ; 
then insulated, bound with tape or string, and painted with or dipped 
in some hygroscopic varnish. 

There is a decided advantage, especially where large coils are 
concerned, in winding the coils in sections and leaving sufficient 
space between the sections to permit of ventilation ; this reduces the 
temperature gradients and saves copper by increasing the allowable 
watts lost per coil. 

Series and interpole coils can be wound with ordinary, round or 
square, insulated wire, cable, or copper strip (insulated or bare). When 
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wound with wire or cable they are treated in the same manner as that 
described for shunt coils, but it frequently happens that two or more 
conductors in parallel are needed to carry the current ; in this case 
they are wound on to the lathe side by side and treated throughout as 
one conductor (see Fig. 2). 

When heavy wire is being used, a good way to bring out the inside . 
end of a coil without the use of a special lead for the purpose is as 
follows : Wind the coil on a former fitted with a packing piece on its 


uare, Bare 
ке , Bare ------------------------------ 


Space factor in per cent 


Square j Bare e esse Aluminium 
Round , Bare оаа нане > 


(Aluminium curves lowered in proportion to conductivity for comparison) 
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Thickness of bare wire in inches. 


FIG. 1.—Space Factors. 


face equal in thickness to the diameter of the wire, leaving over at the 
start sufficient wire for one radial layer of the coil ; remove from the 
former and using the above-mentioned length of wire wind on to 
the face of the coil one layer by hand, finishing off on the outside. 

For windings to carry very heavy currents rectangular-section bar 
or cotton-insulated strip is undoubtedly the best, wound on edge or on 
the flat, according to the experience of the manufacturer. 

Turns can be insulated from one another by practically any kind 
of insulating material, asbestos perhaps having the preference ; but 
whenever possible it is much better to insert distance pieces only, and 
thus allow the cooling air to circulate freely along all sides of the strip. 
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Finally, the coils should be bound with string at intervals to form in 
themselves solid units. 

Most machines have bolted to the magnet frame either poles or pole 
shoes, so that if the coil and the required thickness of insulation be 
placed in position, and the pole or pole shoe be bolted up, a natural 
and efficient clamp is obtained ; or the coils can be held in position by 
bolts passing down the inside of the coil between the iron pole and the 
coil, and screwing into the magnet yoke, or—a very effective and con- 
venient method—where interpoles are not fitted by a V-shaped piece 
of metal (not iron) inserted between the coils and bolted to the yoke. 
Care should be taken that the heads of bolts are some distance from 
the armature, or trouble may be experienced from sparking due to 
distortion of the field and self-induction. 

Before leaving the winding shops the coils should be tested for 
continuity, and flashed between the frame and the copper with about 
two to four times {һе voltage of the machine. 


CONTINUOUS-CURRENT ARMATURES. 


Armatures are now almost invariably built up with slotted cores, the 
slots being cither of the open or partially-closed type ; only special 
machines such as ring-wound turbo exciters, telephone generators, etc., 
have smooth cores, and except for ring-wound and very small arma- 
tures former-wound coils are used. 

Roughly speaking, the windings may be divided into two distinct 
classes, known as series two-circuit or wave windings with wire or bar 
coils, and (progressive or retrospective) multiple-circuit or lap windings 
with bar coils. Wire-wound coils can be formed either by winding on 
a split former, grooved the exact shape of the finished coil, or by 
winding on a jig and afterwards stretching the coil to the correct 
shape. The jig certainly costs more than the former, but it has the 
advantage that a lathe is not required, and also that with certain 
adjustments it can be arranged to produce any size of coil within its 
limits. Fig. 4 illustrates an armature-coil former. 

Bar-wound armature coils can be made complete with an evolute 
ready for the slot, or in halves as single conductors ; in the latter case 
it is necessary to make joints at the back end of the armature, an evil 
to be avoided wherever possible. 

To reduce the fluctuation of voltage produced in the separate coils 
of a machine due to the teeth of the armature, most bar windings are 
split, so that the conductors lying in the bottom of one slot are arranged 
to return in the top of two adjacent slots. 

For traction-motor armatures there are numerous coil shapes 
employed, all aiming at minimizing the amount of space*occupied by 
the end connections, as this is of vital importance on traction machines. 
Each of the principal traction-motor manufacturers have their own 
patent methods, of which perhaps the most interesting are the 
Westinghouse short type and the B.T.H. involute type. 
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The insulation used varies according to the experience of the manu- 
facturer and the conditions under which the machine has to work; 
generally a combination of materials is employed to give the necessary 
strength to withstand both the heaviest mechanical and the greatest 
electrical stress. 

When the insulation is moulded to the slots, about half an inch or 
so is left projecting above the core to protect the cotton-insulated coils 
from being damaged by the iron, and to act as guides for the coil when 
it is being pushed homc ; this extra half-inch can be neatly cut off level 
with the core after the winding has been completed. It is also neces- 
sary to provide a strip of insulating material to go between the bottom 
and top layers of the coil in the slot. 

When insulated coils are used, the insulation, generally consisting 
of some mica composition, is moulded into the coil hot, protected by 
a covering of some strong flexible material, and taped to maintain a firm 
shape. 

With partially-closed slots there is seldom sufficient gap at the top 
of the teeth to allow a complete insulated coil to be inserted. It is 
usual therefore to employ an insulated slot, and to guide thc coil into 
the slot one conductor at a time. An alternative method with a bar 
winding is to insulate the conductors and push them through the slot 
from the back end, the front end connections being shaped when the 
coils are in place. This method is inadvisable, however, as a joint at 
the back end of the coils cannot be avoided. 

Generally for open-slot armatures all coils, whether of wire or bar, 
lap or wave wound, are fitted in the slots in the same manner. The 
winder inserts a coil in two slots of the necessary throw or pitch, 
forcing the side which has to go into the tower part of the slot 
into position, and fitting another coil in a similar manner into the 
adjacent slot. 

This is continued round the armature until coils equal in number 
to the pitch minus one have been put in place. The lower side of 
next coil to be inserted will then fall in the same slot as the upper side 
of the first coil placed in the соге; the upper side must be temporarily 
lifted from the slot to allow the lower half to be put into position. 

Steel-wire bands, wound tightly in grooves on the core and on the 
end connections, serve to keep the winding in position when running. 
These bands are insulated from the winding and core by short over- 
lapping pieces of pure mica, which slide over each other when the 
winding is pulled down by the band. This method provides a suffi- 
ciently strong band (when soldered) for most purposes, but when heavy 
section bars are used on large diameter armatures a more substantial 
band is needed on the end connections. A strap of steel about 4 in. 
thick provided with some device at the ends so that they can be drawn 
together and locked while still under tension, gives good results. 

Armatures when wound, connected up, and banded are dried out and 
impregnated in vacuo in special varnish whilst hot. After the varnish 
has thoroughly dried, the armature is further protected with a coat 
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of black paint which is both oil and water-resisting, and dries with a 
polished surface. ! 

The following is a list of the tests to which the Lancashire Dynamo 
and Motor Company subject every armature during its manufacture 
before it leaves the winding shop :— 


1. Flash to earth with 2,000 volts alternating pressure as soon as 
the coils and wedges have been forced into position. 

2. Commutators : a pressure of 3,000 volts to earth and 250 volts 
between adjacent bars. 

3. For correct connections: before the commutator is forced 
into position on bar-wound armatures, and when the first 
layer of connections is made to the commutator on wire- 
wound armatures. 

4. For short-circuits and open circuits : with a testing lamp (or an 
alternating-current testing magnet can be used). 

5. When complete and ready for the carcase, again for partial 
short-circuits or open circuits : by a millivoltmeter “ bar to 

* bar" test. 

6. After fitting in carcase, a pressure of 2,000 volts to earth. 


These tests are somewhat severe, but they can be taken as an 
indication of what a commercial armature is subjected to at this 
juncture. 


ALTERNATING-CURRENT STATORS. 


The types and forms of alternating-current stator windings are 
exceedingly numerous, any particular one being specially chosen after 
due consideration of its economy of material and labour, its reliability 
and case of repair, the slot shape, and the conditions governed by the 
output of the machine. 

The stator coils are wound into either diamond or concentric form 
with all kinds of copper conductors, including wire, strip, stranded 
cable, and round and rectangular bar. 

The diamond form has the following primary advantages :— 


I. One former can be used for all coils as they are identical ; 
which means that fewer spare coils need be supplied. 

2. Absolute electrical symmetry, thus eliminating апу danger of 
circulating currents in a closed circuit, to which concentric 
windings are liable owing to differences in the value of the 
self-induction of the coils. 


Against which the concentric coil has :— 


I. Simple shape ; it is thus easy to wind and insulate. 
2. Considerable space in saving and material for end connections 
where the coil pitch is large. 
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3. Low voltage between all conductors in the same slot (high 
voltages are usual between the top and bottom layers of a 
diamond coil, also between adjacent layers of the end 
connections). 

4. By suitable connections it is possible to split the stator without 
disturbing the coils ; this is an important feature, especially 
when the machine is for abroad and must be dismantled for 
shipping purposes. 


In cases when only one or two conductors per slot are required, 
solid bars previously insulated are used. With butterfly end-con- 
nections, the winding has the qualifications of the diamond coil with a 
few of its disadvantages ; whilst with the concentric-shaped straps it 
has the concentric coil's qualifications and all its disadvantages. For 
this reason it is the general practice to use either the butterfly or an 
equivalent type of end-connection on bar-wound stators. 

The methods adopted for the actual winding or insertion of the 
coils depends chiefly on the shape of the stator slots. 

Taking therefore the case of a partially-closed slot, if the conductors 
are less in diameter or thickness than the width of the slot opening 
they can be inserted one at a time through this opening. Otherwise it 
is necessary to thread through the conductors from the slot ends in 
one of the two following ways : By forming the coil, with the excep- 
tion of the end-connections at one side, insulating and impregnating it, 
then sliding the coil into the slots both legs at a time, and finally form- 
ing and connecting up the disjointed ends. The second method is by 
completely insulating the slot by a continuous tube and threading 
through the conductor one turn at a time until the tube is filled. This 
last method, however, is very expensive to adopt and has a further 
disadvantage in that the coil cannot be impregnated before being 
fitted, an important matter if on a high-voltage machine. 

With open slots the coils can be former-wound, completely insu- 
lated and impregnated, slipped into the slot, and held in position by 
wedges driven along from the ends; this forms a veryreliable winding 
and is much simpler than any of the methods suggested in connection 
with partially-closed slots. 

With all turbo-generators and machines of large size it is necessary 
to pay special attention to the end connections, on account of the 
stresses that occur due to the magnetic reactions between individual 
conductors—stresses which are magnified very many times in thc 
event of a short-circuit. 

In practice about 35 volts per mil, or 14,000 volts per centimetre 
thickness of insulation, are allowed between the conductors and the 
iron, this being a good all-round figure for impregnated insulation 
with mica as the chief insulator. 

The most satisfactory method of impregnating is to dry out the 
coil thoroughly in vacuo, then to submerge it in the insulating com- 
pound and to force this under pressure into all crevices, and finally to 
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dry the coil with the straight parts for the slots suitably clamped 
in presses so as to ensure their retaining their correct shape and 
dimensions. 

ALTERNATING-CURRENT ROTORS. 

Induction-motor rotors are of the wound or short-circuited type, 
and occasionally of a combination of the two, depending mainly on 
the size, load, and starting conditions of the motor. 

Short-circuited or squirrel-cage rotors are built up with solid 
copper-bar conductors, in partially closed rectangular or round slots, 
and insulated therefrom by a thin layer of a mechanically strong 
insulation projecting just beyond the core. The bars are short-cir- 
cuited at both ends by means of copper or brass rings (sometimes 
rings of various grades of resistance alloy are employed) On the con- 
struction of these end rings depends the performance of the machine 
at starting and on load, high-resistance rings giving a better starting 
torque, and low-resistance rings giving a higher efficiency and a 
smaller slip. 

А neat method of forming the rings (patented by the Lancashire 
Dynamo and Motor Company) is by using sheet-copper punching; 
not unlike the continuous-current armature core plates, having the 
same number of teeth as there are rotor slots, the teeth being bent 
round at right angles to the plane of the end rings and the bars slotted 
to receive them. | 

It will be seen that by this arrangement the joints are not required 
to carry the whole of the end-ring band of current, but only the 
current for one rotor bar. This, together with the fan action of the 
twisted teeth and the large radiating surface, accounts for the success 
of this method in practice. Further, the method is convenient, since 
by varying the number and internal diameter of these rings the end- 
ring resistance can be altered. 

Solid rectangular rings can be used where it is necessary to have a 
very low resistance ; but if possible this type of end connection should 
be avoided. 

Wound rotors are wound in the same manner as partially-closed 
slot continuous-current armatures ; as, however, the coils in several 
adjacent slots will require connecting in order at both ends, a special 
former can be used, eliminating the undesirable joints that would 
otherwise be necessary. Fig. 3 illustrates a rotor-coil former. 

In machines of large size where the methods described are imprac- 
ticable a one-bar-per-slot winding can be used, the end connections 
being made in a similar manner to that described in connection with 
stator windings, either by butterfly or concentric strip, the only essen- 
tial difference being that it is sometimes necessary to make special 
provisions for the centrifugal force on the rotors. 

To do away with the large number of joints indispensable with a 
short-circuited rotor a permanently short-circuited wound motor is 
used, but as this has only the above advantage and all the detrimental 
features of a wound rotor it is very seldom employed. 
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The rotating fields of synchronous motors and alternators can be 
conveniently classified under two headings, namely, the salient-pole 
type for low-speed machines, and the cylindrical type for high-speed 
and most self-starting units. 

The winding for the ordinary salient pole is practically the same for 
a continuous-current field system, with the exception that provision 
must be made for counteracting the extra forces peculiar to the casc. 
For the cylindrical winding, the core is made up of punched plates, 
with large slots and many ventilating ducts. In most cases a decided 
increase of output can be effected by using parallel-sided teeth as 
opposed to parallel-sided slots, amounting to about 15 per cent due to 
the increased mechanical strength and the lower flux density at the 
root of the teeth. 

Concentric coils of cotton-insulated strip, square wire, or compressed 
stranded cable, former wound, are inserted through the slot opening, 
pulled down by heavy steel bands, and finally secured by brass or 
similar wedges driven in from the ends of thc core. 

With high-speed rotors of this kind it is essential that special 
precautions be taken to prevent the end connections of the coils 
becoming displaced. It has become general practice to cover up these 
connections completely with a phosphor bronze or similar metal bell, 
arranged to fit tightly over the coils and spigoted to fasten to the core 
end-plate. The bellsare well insulated from the coils, are provided with 
numerous radial ventilating ducts, and are firmly bolted to the spider. 

Aluminium is coming into use for field coils, especially for traction 
motors, where any reduction in unsprung weight is a consideration, as 
an aluminium coil is only from 45 per cent to 50 per cent of the weight 
of a copper coil for the same duty. Moreover, aluminium forms an 
insulating oxide which by a patent process can be so strengthened 
after winding as to make it quite unnecessary to provide any further 
insulation between the turns. Thus with square-section aluminium 
wire a better space factor is actually obtained than with round cotton- 
insulated fine copper wire of the same resistance.* The oxide is not 
brittle and cannot char or absorb moisture, which are all serious dis- 
advantages peculiar to a textile dielectric ; also an aluminium coil has 
better heat conductivity, as it is practically a solid unit. 

From this it seems evident that a little more consideration might be 
given to this question by our traction-motor manufacturers, bearing in 
mind that aluminium is now over 99 per cent pure (commercial) and 
that the price of copper is on the increase. 


* This deduction is purely theoretical. 
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INDIVIDUAL ELECTRIC DRIVE IN MODERN 
WEAVING SHEDS. 


By S. N. C. K. WHITEHEAD, Student. 


(Abstract of Paper read before the MANCHESTER STUDENTS 
SECTION, 26th November, 1912.) 


INTRODUCTION. 


This paper was written as it was felt that such a paper might be 
of some interest at the present time when both engineers and textile 
experts are displaying so much activity in regard to the individual 
electric drive in weaving sheds. A factory is said to be equipped 
with individual electric drive when every machine in it is driven by 
a separate electric motor. It is only within recent years that individual 
electric drive for weaving sheds has really come to the front, for the 
majority of British weavers, with true British conservatism, have been 
suspicious of adopting any system so radically different from the 
steam engine and countershaft drive to which they had always been 
accustomed. But, as was bound to take place, the general advantages 
of individual drive soon showed themselves in a marked degree, and 
now for almost every new shed that is erected the owner considers 
the individual electric drive as an alternative to electric group or 
mechanical drives. | 

The scope of this paper will only extend to weaving sheds in which 
individual electric drives have been installed, and it will include, 
under various headings, descriptions of the electrical gear likely to 
be met with in such installations and discussions of how this gear 
compares with other apparatus for driving a weaving shed. The 
general conditions relevant to an installation are also touched upon. 

For purposes of reference and simplicity, the subject has been 
classified under the following headings : 


I. Choice of electrical supply: most suitable form of current; 
usual voltages and frequencies. 

2. Motors: desirable qualities; mechanical characteristics ; 
electrical characteristics. 

3. Transmission: the advantages of (a) gear, gear and clutch; 
(b) chain ; (c) belt. 

4. Starting: conditions of starting; method employed ; switch- 
gear and necessary setting-on motion, 
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CHOICE OF SUPPLY. 


In order to ascertain whether continuous current or alternating 
current is preferable for a weaving shed with individual drive, it is 
essential to consider the inherent characteristics of the loom itself. 
The speed of the loom should be kept constant, for should the driving 
motor speed up, there is a risk of broken ends, thus spoiling the 
consistency of the fabric and causing delay in re-tying threads. The 
loom should be running at full speed almost directly it is started, 
this being done smoothly and without jerk. 

Continuous-current motors do not satisfy the conditions, as in 
starting when the starter is moved from notch to notch the loom 
would receive a series of jerks which might break the threads. It 
would also not be practicable to connect a series motor directly to 
the mains as there is always the risk of a “ buck over." Furthermore, 
fluctuations in the supply voltage would cause variations in the speed, 
which are undesirable. A very serious objection to continuous-current 
motors is that there is a large difference in the speed of the machine 
when hot and when cold. Опа {-һ.р. shunt- wound motor this might 
be as much as a 12 per cent increase, or a 15 per cent decrease in 
the case of a series-wound motor. 

Perhaps the greatest drawback to the use of continuous current is 
the fact that whereas the efficiency of an alternating-current motor 
of, say, 4 h.p., is about 84 per cent, that of a continuous-current 
motor is only about 7o per cent. There is thus a difference in 
efficiency of 14 per cent, and this on a large number of motors 
would mean a very great increase in the cost of running. Again, it 
must not be lost sight of that a continuous-current motor is much 
more complicated and more likely to give trouble than the alternating- 
current motor, which is of a very simple and strong construction. 

It will therefore be seen that continuous current is unsuitable ; and 
the desirability of alternating current must now be examined. Single- 
phase motors may be disposed of at the outset, for with single-phase 
induction motors the starting would be unsatisfactory, and with other 
types the use of commutators gives rise to the same objections as 
urged against continuous-current motors. 

Constant speed independent of temperature, changes of voltage 
or load, and rapid starting, are very successfully obtained from 
polyphase induction motors. These machines operate at a certain 
percentage below the synchronous speed, this being fixed by the 
frequency of the supply, which does not perceptibly vary where 
large up-to-date high-speed generating sets are used. 

Smooth starting is obtained by using squirrel-cage motors and 
switching them directly on the supply mains; in fact, a 4-h.p. motor 
would be running at full speed in about one-fifth of a second. Thus 
polyphase induction motors are admirably suited to the driving of 
looms ; and although both two-phase and three-phase can be used, the 
latter type has found greater favour, due, first, to the greater number 
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of supply systems being three-phase, and, second, to the increased 
cost of wiring two-phase motors and to their somewhat poorer per- 
formances. 

With regard to the frequency most suitable, this has been found 
to be 40 or 5o periods. As it is most convenient to build these 
motors with six poles, this would give synchronous speeds of 800 
and 1,600 revs. per min., or full-load speeds of убо and оо revs. per 
min. Now, for a belt drive—the most general form of transmission 
—the ratio of reduction should not be above 4} to 5, considering 
the small length of belt centres to be met with ; consequently as 
the loom runs at about 160 to 200 revs. per min., the speed of 760 
revs. per min. on the 40-volt circuit is to be preferred. Owing to 
the preponderance of 50-period supply systems, and to the somewhat 
cheaper 50-period loom motor, most sheds are supplied at that fre- 
quency. 

With regard to voltage, this may be between 200 and 400, although 
greater immunity from danger and greater efficiency with the smaller 
sizes of motors are obtained with the former, which, however, cannot 
offset altogether the cheaper wiring of the systems with the latter 
voltage. 

The most suitable supply for motors driving looms is therefore a 
two-phase or threc-phase, 50 or 40 period, 200- to 400-volt circuit. 


MOTORS. 


It has been shown that the polyphase induction motor is the best 
motor for the individual drive of looms. As small-powered motors are 
required, squirrel-cage motors are always used, as slip-ring motors 
would not be a commercial proposition. High efficiencies are obtained 
by the use of special quality iron and careful design, and are 
surprisingly high considering the ratings of the motors. Typical per- 
formances of standard 50-period 200-volt motors are as follows :— 
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If the voltage on any frame is raised from 200 to 400 volts, the 
tendency is to lower the efficiency, the difference on, say, a 4-h.p. motor 
being about 14 per cent. The losses being so low on these motors, the 
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temperature rise is consequently quite small, varying between 25? and 
30° C. above the surrounding atmosphere. The motors are always 
totally enclosed, and are fitted with ball-bearings arranged for grease 
lubrication. The general winding of the stator and rotor follows the 
lines generally adopted in standard industrial motor manufacture. 

The capacity of the motor depends upon the loom it has to drive, 
and if possible it is best to take a test beforehand on a loom so that the 
power can be accurately determined. The power required to weave a 
certain fabric will remain practically constant, being only slightly 
altered by varying climatic conditions. The load at starting'is about 
three times normal load, and the motors should be capable of meeting 
this condition. It is customary for some engineers to install motors of 
too large a capacity, being apprehensive that the motors will not give 
the necessary torque at starting. For example, some will install a 
I-h.p. or even ij-h.p. motor for a }-h.p. loom, whereas a properly 
designed 4-h.p. loom motor is ample, as care has been taken in its 
desigm to see that it gives the large starting torque required. 


TRANSMISSION. 

There are three usual methods for transmitting the power from the 
motor shaft to the loom shaft, namely, by gear wheels, by chain, and 
by belt. 

In the first case a pinion, usually of raw hide, on the motor shaft 
drives on to a gear wheel on the loom shaft. The advantage of this is 
that, being positive, no slip occurs, and therefore constant speed and 
resulting accuracy are obtained, which commends it to the production 
of silk fabrics. Against this, however, there is high initial cost, and 
also however well gears may be cut, hammering is unavoidable, this 
leading to wear and tear and consequent considerable cost of mainten- 
ance. Sometimes gear drive is combined with some form of clutch, thus 
allowing the motor tostart light. It was urged that this would cheapen 
the motor, due to the fact that so large a starting torque would not be 
required, but this form of transmission has not found much application 
in this country. 

Gear drive is usually employed on the heavier looms, say, those 
requiring 2 or 5 h.p. and weaving tapestries and other fabrics needing 
heavy jacquard motions. 

Chain drive is hardly ever used owing to its high initial cost and to 
the liability of oil being thrown about. 

Belt drive is always used with some form of spring suspension, the 
motor being pivoted to one end of its base plate, and the opposite end 
of the motor having a lug which presses against a spring threaded on 
a rod fixed to the base plate. The weight of the motor—sometimes 
assisted by another spring—keeps an even tension on the belt, and a 
very smooth drive is therefore obtained. It is evident that if the 
drive becomes too inclined from the vertical this form of drive will lose 
its value. Of course, belt drive is not quite so efficient as gear drive, 
due to the possibility of slip, especially as belt centres are rather small, 
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but it has found greater application due to its low initial cost and low 
maintenance charges, and it has always given every satisfaction. 
Fig. 1 shows a typical Westinghouse loom motor. 


STARTING. 


It is essential that the loom should be started rapidly to get a good 
pick to begin with, so that the shuttle is thrown over quickly. If the 
starting be slow, the shuttle may go half-way across and stop, or may 
travel very slowly right across, this being disastrous to the material 


Fic. 1.—Loom Motor for Belt Drive, with Spring Belt Tightener. 


being woven and probably resulting in many broken threads. With 
the squirrel-cage motor and a direct starting switch, however, very 
rapid starting is obtained, a good initial pick takes place, and the loom 
is running at full speed in less than a second. 

The motors are designed to have an overload capacity of about 
three times full load ; this is not wanted normally—tor the loom load 
remains constant—but is necessary for starting when the motor has to 
exert from two to three times its full-load torque. Under these con- 
ditions it would take about six times normal full-load current. This 
need not alarm any power station engineer or shed owner, however, 
for this overload is only in the nature of a momentary flick and is 
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unimportant, especially when it is remembered that the full-load 
current of a 4-h.p. 230-volt motor is only about 1'6 amperes. 

The starting switch is usually an air-break three-pole single-throw 
switch in a totally enclosed cast-iron case, the contacts being insulated 
from the revolving iron bar by moulded “ micarta,” a very sound con- 
struction for rough usage. The bar projects through dust-proof glands 
at each end of the cover, and these projections are connected to the 
setting-on handles by some form of link motion. 

The switch may be designed with or without fuses, which are 
generally of the dial type, and are very easily replaceable. The switch 
should be mounted on the floor, for in this position it is subject to less 
vibration and there is not so much tendency for the parts to work 
loose. 


ADVANTAGES OF INDIVIDUAL ELECTRIC DRIVE. 


1. In a belt-driven shed, the speed of any particular loom will be 
dependent upon the number of looms working from the countershaft 
at any instant. Thus, due to risk of broken ends, such a loom cannot 
run at its highest possible speed, but must operate at an average 
number of revolutions to allow for its speeding up when other looms 
are shut down. With individual drive, however, the spced of any 
motor is independent of the starting or stopping of other motors, 
consequently a loom so driven can run at a higher speed than a loom 
driven from a countershaft, the output of the loom being thus increased. 
In fact, as the looms run at their theoretical maximum speed their 
output will be a maximum. This is the greatest advantage to be 
obtained from the use of the individual drive, and although very 
extravagant figures have sometimes been put forward, the author has 
found that as a rule the adoption of such a drive will increase the 
shed's output by 10 to 124 per cent. Again, due to constant speed, the 
fabric will be more evenly woven than would be a fabric produced - 
from a belt-driven loom. This will be further realized by inspection 
of the accompanying tachograph records * (Figs. 2 and 3). 

Fig. 2 shows the variations in speed of an engine driving counter- 
shafting, and the lower curve shows the ensuing fluctuations in the 
speed of the loom itself. It will be seen that although the variations in 
speed of the engine are only 3 per cent, when transmitted to the loom 
countershaft they grow into fluctuations of about 20 per cent. A 
similar effect is obtained with gearing as shown in Fig. 3. The 
tachograph record for a loom driven by a loom motor would of course 
be a straight line. 

2. For each loom individual electric drive allows of the selection of 
a motor of exactly the right power, thus allowing it always to operate 
at or near full load, and consequently at maximum efficiency. In group 
drive, however, the driving motor will be operated very inefficiently if 
only a few looms are required to be run. | 


* The author is indebted for these records to Mr. W. B. Woodhouse's paper on 
* Electric Power Applied to Textile Factories,” read before the Bradford Engineering 
Societ y. 
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3. For future extensions the shafting in a mechanically driven shed 
must be large enough to transmit the additional power expected ; thus 
before extensions are made there will be greater friction losses than 
should be the case. With individual drive, however, looms may be 
added very easily, extra wiring circuits only being run. 

4. Individual drive does away with the maze of belts and shafting, 
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greatly increasing the lighting and cleanliness of the shed, and conse- 
quently the comfort and efficiency of the workers. Fig. 4 shows a 
typical modern shed fitted with Westinghouse loom motors. 

5. In a mechanically operated shed, where countless shafts and 
belts have to be driven, great friction losses take place, and cases have 
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been recorded where these have reached as much as 50 per cent per 
horse-power of the shed. These losses would be very costly, and would 
be eliminated іп a shed with individual drive, where the only analogous 
loss that could occur would be about 2 to 3 per cent in the cables. 
Again, in a mechanically driven shed the friction losses increase 
with time. 

6. Individual drive allows the motor to be completely shut down 
when the loom is to be idle, thus causing no waste power as would be 
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the case in a mechanically driven shed, where a whole line of shatting 
and belts might be operating just for a few looms. 

7. The looms may be placed in any position in the shed, lengthwise 
or crosswise, with individual electric drive, whereas mechanically driven 
looms must be located with reference to the countershaft from which 
they have to be driven. Thus, every square foot can be utilized. 

8. Individual electric drive is less complicated than mechanical 
drive, as it does away with many objectionable features, such as 
couplings, large noisy bevel-gears, crossed belts, etc. 

9. Due to the number of circuits and sub-circuits, the sub-division 
of power assures less stoppages due to breakdowns. 

то. Power can readily be distributed to any part of the shed by the 
installation of the necessary wiring, which is quicklv and easily erected. 
It is not necessary that the wires be restricted to any given direction or 
occupy any definite location, whereas extensions in a mechanically 
driven shed must always be made with the limitations of the existing 
shafting in view. 

її. The cost of maintenance of a shed with loom motors is very 
small as there are no belts and shafting to need constant attention. 

12. Direct drive makes possible the use of a lighter construction of 
building, and consequently the initial outlay for building could be 
lessened, though this fact has not been made use of so much here as 
abroad. 
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OBITUARY NOTICES. 


ALFRED APPS was educated at a private school and at King’s 
College. He first paid particular attention to the manufacture of 
lenses and also to balances of capacities from five tons to 1-10,000th 
part of a grain ; in connection with such balances he made the first 
fine alrminium wire produced in England, the 10,oooth part of a grain 
being visible to the naked eye. In 1865 he gave more attention to 
electrical and magnetic instruments, and his large induction coils first 
began to be widely known about 1867. In 1869 he built the famous 
* Polytechnic" coil, which gave sparks 29 inches in length. This was 
followed in 1876 by the large coil constructed for the late Mr. W. 
Spottiswoode, which gave sparks 44 inches long. Another large coil 
was the one which he made for South Kensington in 1902. He also 
designed one of the earliest (i£ not the first) electric light installations 
using water power. In 19rr1 he retired from active participation in the 
business, and died on 31st July, 1913, at the age of 74. He was elected 
a Member of the Institution in 189o. 


FREDERICK BROWN died on 8th August, 1913, at the age of 65 
years. He first entered business as a photographer, but later became 
manager of the Wednesbury and Wolverhampton district of the 
National Telephone Company, relinquishing that position in 1884 in 
order to devote his attention to the formation of the Walsall Electrical 
Company. In 1892, when that business was converted into a limited 
liability company, he became managing director. He also acted as 
consulting engineer to the Walsall Corporation in connection with 
‘their electric tramway installation. He was elected an Associate of 
the Institution in 1887, and a Member in 1898. 


SIR JOHN IRVING COURTENAY was born in 1837, and was 
educated at Cheltenham and Trinity College, Oxford, taking a B.A. 
degree in 1857 and his M.A. in 1860. He was called to the Bar at 
Lincoln's Inn in 1861. His connection with the electrical industry 
dated from the early days of electricity supply in this country, and he 
was more particularly concerned with the development of the storage 
battery industry, being for some time managing director of the Electric 
Power Slorage Company. At the time of his death, which occurred on 
22nd October, 1912, he was Chairman of that Company, as well as of 
the Chelsea Electricity Supply Company, the Cordoba Light, Power, 
and Traction Company, and the United River Plate Telephone Com- 
pany, being also on the Board of Directors of the Electric Construction 
Company and the Oxford Electric Company. He was knighted in 
1907. He was elected an Associate of the Institution in 18go, and was 
transferred to the class of Members three years later. 
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WILLIAM TREGARTHEN DOUGLASS was born оп 23га March, 
1857. He received his early education at Dulwich College, and sub- 
sequently studied in the Applied Science Department at King's College, 
London. He served for three years, 1875-8, as an articled pupil to 
his father, the late Sir James N. Douglass, F.R.S. From 1878 to 1882 
he was resident engineer during the pulling down of the old Eddy- 
stone Lighthouse and the erection of the present lighthouse. Не 
devoted the whole of his attention to lighthouses, marine illumination, 
harbour construction, and sea-defence works, and was responsible for 
the construction of thirty-cight lighthouses. At the time of his death 
he was consulting engineer to the Governments of Western Australia, 
New South Wales, and Victoria, also to the Royal National Lifeboat 
Institution and various other bodies. He was drowned on roth August, 
1913, owing to a boat, in which he had gone out sailing with his son, 
being capsized off Start Point, near Dartmouth. Не was elected a 
Member of the Institution in 189r. 


FREDERIK MICHAEL NICOLAI DRESING was born in 
Jutland in 1867, his father being a well-known Danish politician. He 
entered the telegraph service in 1884, joining the staff of the Great 
Northern Telegraph Company, and serving at several of that Company's 
stations in Europe and China. For some time he had charge of the 
electrical department on board the company's cable steamer Store 
Nordiske. His work in the Far East attracted considerable attention, 
resulting in 1903 in his being appointed head of the Chinese School of 
Telegraphy at Shanghai. In the following year he left the service of 
the Great Northern Telegraph Company, becoming Chief Superin- 
tendent and Advisory Director of the Imperial Chinese Telegraphs. 
From that time until his death, which took place at Pekin on 
15th November, 1912, he devoted his attention to the development of 
telegraphs in the Chinese Empire. The numerous decorations that he 
received show that his success in that capacity was not unappreciated. 
He was elected a Foreign Member of the Institution in 1898, and 
became a Member in 1911. 


ROBERT STEUART ERSKINE obtained his electrical training at 
the works of Messrs. Crompton & Co., and left that firm in July, 1887, 
to join the Kensington Court Electric Lighting Company. When that 
Company was succeeded in 1888 by the Kensington and Knightsbridge 
Electric Lighting Company he became secretary to the latter, and 
occupied that position until his death, which took place on 14th June, 
1913. He was one of the originators of the Electrical Engincers 
Volunteers, and for some time was a Major, acting as commanding 
officer during Colonel Crompton’s absence at the South African War. 
He was 52 years of age when he died. He was elected a Member of 
the Institution in 1889. 


JAMES FERGUSON served his apprenticeship as an instrument 
maker with the firm of Kelvin & James White at their well-known 
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works in Cambridge-street, Glasgow, and proved himself to be more 
than an ordinary worker, much of his spare time being spent in learn- 
ing the scientific principles on which {һе construction and use of the 
various instruments were founded. As the firm were usually very busy, 
he had a unique opportunity of gaining an insight into the art of 
instrument making, especially as at that time the works were carrying 
out a large amount of experimental work for the late Lord Kelvin. He 
was recommended by his firm for the position of assistant in the 
Laboratory at Gilmorehill University, and was eventually appointed 
head of the Standardizing Laboratory at Cambridge-street. Messrs. 
Kelvin & James White were at that time developing the manufacture 
of switchboards, and many important ones were designed by Mr. 
Ferguson. He paid particular attention to the design of circuit- 
breakers. In 1905 he began business as an electrical engineer in 
Pollokshaws, where for seven years he carried out a large amount of 
switchboard and other electrical work, including petrol-driven lighting 
sets, of which he made a speciality. His work was marked by bold 
and original design, and was conducted on sound engineering lines. 
He died, at the age of 43, оп the roth January, 1913. He was elected а 
Member of the Institution in 1901. 


CHARLES HERBERT GADSBY was born in 1866, and served his 
apprenticeship at locomotive and tramway work from 1882 to 1889. 
In the latter year he joined the Brush Electrical Engineering Company, 
and subsequently had charge of their Testing Department at Lough- 
borough. He obtained a Whitworth Scholarship in 1892 and studied 
at Nottingham University. He then joined the staff of the Electric 
Construction Company, and proceeded to Madras as superintending 
engineer on the Madras Electric Tramways. On his return he 
accepted an appointment with the British. Electric Traction Company, 
with which Company he was connected until his death. He also 
practised as a consulting engineer and was responsible for the design 
and construction of the Devonport and District Tramways, and the 
Burton and Ashby Light Railway. For some time previous to his 
death—which occurred in December, 1912, at Farnham, Surrey—he 
was in indifferent health and could do little active work. He was 
elected a Member of the Institution in 1897. 


FREDERICK ADAM HAMILTON was born in Kent in 1840, and 
spent his early years in the British mercantile marine. He joined 
Garibaldi's army for the liberation of Rome, and was for some time 
held a prisoner by the Italian Government. He was then employed by 
the Anglo-Mediterranean Telegraph Company, and on returning to 
London in 1869 joined the staff of the Telegraph Construction and 
Maintenance Company. After taking part in cable expeditions for this 
Company in various parts of the world, he joined the Anglo-American 
Telegraph Company and was chief electrician of the C.S. Minta for 
nearly twenty ycars. He then started as a consulting engineer at 
Halifax, Nova Scotia, and was employed by the United States Govern- 
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ment for some time in the extension and maintenance of the inter- 
island submarine cable system in the Philippine Islands. After the 
completion of this work he joined the Commercial Cable Company as 
chief electrician of the C.S. Mackay-Bennett, and held that position 
until his death, which occurred on 19th December, 1912, at Halifax, 
Nova Scotia. He joined the Institution in 1873 as an Associate, and 
was transferred to the class of Members in 1886. 


ANDREW JAMIESON died on 4th December, 1912. He was 
born at Grange, Banffshire, in 1849, and was educated at the Gym- 
nasium, Old Aberdeen, and at Aberdeen University. He obtained 
his engineering training with Messrs. Hall, Russell & Co. at the 
Aberdeen Iron Works, and also in the works of the Great North of 
Scotland Railway Company, where he was employed as a draughtsman. 
In 1873, he joined the staff of Sir William Thomson (Lord Kelvin) and 
Professor Fleeming Jenkin, being engaged in connection with the 
manufacture and laying of cables off the coast of Brazil for the Western 
and Brazilian Telegraph Company and the Companhia Telegraphica 
Platino-Brasiliera. He subsequently became chief assistant electrician 
to these companies, but returned in 1876 to this country. He was then 
sent by the Eastern Telegraph Company to assist at the laying of the 
Marseilles-Malta cable ; and from 1877 to 1880 took a prominent part 
in most of the Eastern Telegraph Company’s cable expeditions in the 
Mediterranean, along the east coast of Africa, and off the Indian coast. 
On some of these expeditions he lectured to the Company’s staff on 
magnetism and electricity and submarine telegraphy. During the 
Russo-Turkish war of 1878 he was engaged in linking up the positions 
where the British warships were stationed with the cable system of 
the Eastern Telegraph Company, so that the Admiralty could com- 
municate direct with the commanders of the various vessels. In 1880, 
he was appointed Principal of the Glasgow College of Science and 
Arts, becoming Professor of Electrical Engineering of the combined 
institutions when this College was incorporated in 1886 with the 
Glasgow and West of Scotland Technical College. He retired from 
that position on 3oth June, 1899, in order to devote his whole attention 
to consulting engineering. Later, he organized correspondence classes 
for instruction in engineering. Although he carried out in his early 
years much important telegraph work, it is largely as a successful 
teacher that Professor Jamieson will be remembered. He was elected 
an Associate of the Institution in 1873, and a Member in 1876. 


JOHN JENKIN was born in 1845, and entered the service of the 
Electric and International Telegraph Company in 1858. He was 
transferred to the Post Office in 1870, being appointed as assistant to 
Mr. Shaw, Divisional Engineer. On the re-organization in 1878, when 
the old “ divisions " were mapped out into “ districts," he was appointed 
a relief superintending engineer, but shortly afterwards became 
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stationed at Cambridge in permanent charge of the Eastern District. 
This district, extending roughly from Lincoln to the Thames, remained 
in his charge until his retirement іп the autumn of 1909. He formed 
one of the few remaining links between the Post Office and the old 
telegraph companies, and was the last of the original officers of his rank 
to leave the service. He died at Cambridge, after a long illness, on 
irtth. March, 1913. He was elected an Associate of the Institution in 
1872, and was transferred to the class of Members in 1877. 


FRANCIS VALENTINE TOLDERVY LEE was born at Win- 
chester on 28th August, 1870. He received his early education at 
Manchester Grammar School, and at the College Communal, Boulogne. 
He went to Sherbrooke, Canada, in 1887, and for nearly three vears 
was in the service of the Canadian Pacific Railway, as private secretarv 
to the Division Superintendent. He then joined the Manhattan Electric 
Company, and later went to Leland Stanford Junior Universitv, Cali- 
fornia, acting as secretary and general laboratory assistant to Dr. F. A. C. 
Perrine, Professor of Electrical Engineering. At the same time he 
continued his studies and obtained his В.А. degree in Electrical Engi- 
neering in 1897. He was then appointed Assistant Engineer in the 
Pacific Coast Department of the Stanley Electric Manufacturing 
Company, and became Engineer in 1898, and Manager of the office 
in I899. А year later he was appointed Vice-President and General 
Manager of John Martin & Company, being at the same time Pacific 
Coast District Manager for the Stanley Electric Manufacturing Com- 
pany and other firms. Early in 1906 he was appointed Assistant 
to the President of the Pacific Gas and Electric Company. In гоо 
he retired and spent some time travelling, returning to Victoria, B.C., 
where he had intended to make his future residence. He died there 
on 17th August, 1913. He was elected an Associate Member of the 


Institution in 1904, and a Member іп 1911. 


JAMES LUDOVIC LINDSAY, EARL OF CRAWFORD, K.T., 
died on 31st January, 1913, at his town house in Cavendish Square, W. 
In addition to holding the title of Earl of Crawford he was also Earl of 
Balcarres, Lord Lindsay of Balcarres, Lord Balniel, and Baron Wigan. 
He sat in the House of Lords under the last-mentioned title, having 
represented Wigan in the House of Commons from 1874 to 1880, when 
he succeeded to the title of Earl of Crawford. He was the son of the 23th 
Earl of Crawford, and was born in 1847 at St. Germain-en-Laye, Francc. 
He was educated at Eton and Trinity College, Cambridge, and at that 
time devoted considerable attention to astronomy. With his father he 
erected at Dunecht, Aberdeenshire, an observatory, which he later pre- 
sented to the nation. He took great interest in electrical matters from 
the early days of electrical engineering and was a director of the London 
Electric Supply Corporation, being associated with the high-tension 
transmission for supplying electrical energy from Deptford to London. 
He also played an important part in connection with the founding 
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of the Electrical Standardizing, Testing, and Training Institution, 
better known as Faraday House, being Chairmanof the Governors 
from 1890 until his death. Some of his early apparatus is still kept at 
Faraday House. As Lord Lindsay һе was one of the founders and original 
members of The Institution of Electrical Engineers, being appointed 
Vice-President, together with Mr. F. I. Scudamore, C.B., under the 
presidency of Sir William Siemens (at that time Mr. C. W. Siemens), 
when the Society of Telegraph Engineers was formed in 1871. The 
first Conversazione of the Society was held in his (Lord Lindsay's) 
laboratory in Greek Street, Soho, on 6th June, 1872, when he showed 
an clectromagnet of large size, in fact the largest that had been 
made up to that time, a 20-in. induction coil, and various other 
scientific apparatus. He served in the capacity of Vice-President 
until 1874, and at the time of his death he was the oldest surviving 
officer of the Institution. 


WILLIAM FRANCIS MELHUISH died in July, 1913, at the 
age of 71. He entered the service of the Electric and International 
Telegraph Company in 1858, and for 39 years devoted his attention 
to telegraphic matters. Не invented the inductive system of telegraphy 
in which parallel lines are run on either side of a stretch of water. He 
read a paper on this subject before the Institution in 1890, entitled 
“ Signalling Across Rivers in India,” and was awarded the Paris 
Electrical Exhibition Premium. He became successively Assistant 
Superintendent, Superintendent, Chief Superintendent Electrician, 
Director of Traffic, and Deputy Director-General in the Indian 
Government Telegraph Department. He was elected a Member of 
the Institution in 1874. 


COLONEL MATTHEW TOWNSEND SALE, C.M.G., was born 
on 29th July, 1841. He was educated at Rugby School and also 
privately. He obtained a commission in the Royal Engineers їп 1861, 
and in 1864-5 served in the Bhutan campaign. In 1875 he was sent on 
a special inission to the West Coast of Africa. In 1879 he was British 
Commissioner for the demarcation of the Montenegrin fronticr. 
During the years 1882-3 he was in command of the Royal Enginecrs 
at Newport, Isle of Wight, and in the latter year was appointed 
Instructor of Field Works at the School of Military Enginecring, 
Chatham, a post which he held until 1887. From 1887 to 1906 he was 
Superintendent of Building Works at the Royal Arsenal, Woolwich. 
Не retired in 1906, aud from 1908 lived at Ramsgate, where he died on 
30th August, 1913. He joined the Institution in 1873 as an Associate, 
and was elected a Member in 1889. 


WILLIAM EDWARD HERMANN SCHARINA was born in 1849. 
He was a native of Germany and received his carly engineering training 
and experience in various cities on the Continent. In 1878 he joined 
the staff of Messrs. Siemens Brothers & Co. at Woolwich ; for three 
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years he was engaged in their telegraph department, and afterwards in 
the experimental and testing section of their dynamo department. In 
1889 he was transferred to Glasgow, and was entrusted with the general 
supervision of the firm's contracts in Scotland. From 1894 to 1906 he 
acted as manager of the Glasgow branch. He died on 7th December, 
I912. He was elected a Member of the Institution in January, 1906. 


EDWARD TYER was born at Kennington on 6th February, 1830, 
and was educated first at the City of London School, and then at a 
private school near Chiswick after the death of his father. In his 
school-days he showed great interest in the subject of electricity, and 
constructed electrical apparatus out of such materials as were available, 
his skill in this direction attracting the notice of his master. Fora 
short time he was in the city office of his uncle (afterwards Sir John 
Musgrove), but he soon returned to electrical engineering and devoted 
his attention to telegraphic apparatus. In 1859 he was appointed elec- 
trical engineer to the London District Telegraph: Company. Up to 
that time no intercommunication had been provided between the 
various trunk-line termini in London, or even between the different 
metropolitan districts. He installed the underground mains and over- 
head wires which later became merged in the Postal Telegraph Service 
of London. His name was better known, however, in connection with 
the application of electricity to railway signalling, particularly as regards 
power signalling. In 1878 he worked out a system for electrical control 
on single-line railways. At one time he was associated with the Rail- 
way Electric Signals Company, and later he worked with his own 
company, Messrs. Tyer & Co. Не also took great interest in astronomy, 
and had a well.equipped observatory. Of late years he gradually 
retired from active work, and he died on 25th December, 1912. He 
was elected a Member of the Institution in 1883. 


GEORGE ALEXANDER ZEDEN was born in 1866 and was 
educated at Berlin and Leipzig. In 1889 he entered the service of the 
Brush Electrical Engineering Company, where he was employed in the 
preparation of estimates and specifications connected with electric 
lighting, power, and electric tramways. In 1902 he became associated 
with Mr. W. C. C. Hawtayne, and from 1904 to 1911 they practised in 
partnership as consulting engineers. He was then appointed engineer 
to the Trans-Canadian Lands and Finance ,Corporation. He died in 
the spring of 1913. He was elected an Associate of the Institution in 
1892, an Associate Member in 1899, and a Member in 1904. 
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